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(57)Abstract: . 

PROBLEM TO BE SOLVED: To provide a photovoltaic element 
suppressing the diffusion of zinc atoms to a semiconductor layer 
including silicon atoms, suppressing the drop of the transmission factor 
of a transparent conductive layer including zinc oxide, and suppressing 
the drop of adhesion force among substrate, the transparent conductive 
layer including zinc oxide and the semiconductor layer, even if the 
process of a reduction atmosphere such as a heating processing, an 
annealing processing and a hydrogen processing is included, in a 
process where the element is used at a high temperature, at high 
humidity or for long time or a process after the transparent conductive 
layer including zinc oxide is formed. 

SOLUTION: In a photovoltaic element, at least a first transparent 
conductive layer 101-3, a semiconductor layer 102 including silicon 
atoms and a second transparent conductive layer 103 are included on a 
substrate 101-1. At least, the first transparent conductive layer 101-3 of 
the second transparent conductive layer 103 includes zinc oxide and a 
layer including silicon oxide is installed in an area which is brought into 
contact with the transparent conductive layer including zinc oxide In the 
semiconductor layer 1 02 including the silicon atoms. 



s 5 



s 










1 






i 

-8 


1 



E 



LEGAL STATUS 

[Date of request for examination] 27. 1 1 .2003 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://wv^l9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAACmaaQi^ 4/11/2005 



Page 1 of 1 



mB?s&mnr (j p) & IS 4# It & ^ (a> <i]}i^npa«^'n»# 

4$gS2001 -244488 
(P2001-2444S8A) 



HOIL 3J/04 HOIL 3JM B BF0 51 

X 
A 



(T&ffimm w mm 

a4>imX I0O0S8098 

F^-A(P#) 5F05) ^05 BPJi BA15 BAt7 
BAia CB12 CB29 CB30 
DAM FAQ2 GU)2 GA05 



[sps] ]&@T. i^^r. ^i>i*itS(fmuiMc^{t 

[«?2ft^S] il'-nr < it. Sr-Oig9)»SJS 10 1- 

3 1 . ij ni^m^^^^ts^i^m 1 0 2 i , 

1 0 3 10 1-1 ±<c$trj^%;^jet 

w*ji*t:, w-03M««a 1 0 1 - 3 i , 

1 0 3 tO>'J^t^< <5;^--:xCS*iKflSeS«r^ 



I 



http://www4ipdl.ncipi,gojp/Tokujitu/tjcontentd^ 4/11/2005 



Page 1 of 1 



C2> 

1 

l>rsBi^fi:;ss&«r€i-t»am^e^ff 

^, 

mmm. iSa^iSt^S, nSli^f*Ja3>>^=.0:-5p i 

;'3S-?-o , 40 

[ooon 

[0002] 



4»9200 1 -24448 8 
2 

.•o Kacca2E< -e<^>®jfec"h$ < aj*> s o o 

n m*»^ I 2 0 On inr'^¥*a^/SLimi4*?nr©:^^^! 

[0 00 3] S:rc 0rr£^a&«Sr. iti^mCTmtt 
laCilS^rSft Tfcffl «:?T^f ^ C <»; 8 n 'C C * 

[ 0 0 0 4 ] ^CC-tfii UT. • P-TVl5a-SiC/a-5i/a-S1 
Ge kVjlii-Bandoap Staclced Solar c^Hs Vhth Bandaap 
Profilinq" Sarvmoniva «x al, , Technical Diqest of t 
he Internanonal PV5K-5,Kvoxo,3«p<in,p3a7,1990V if 

[ 0 0 0 5 J 

to 00 6 ] ^cr, if^^mti&iytc^^n^^o. 



http://ww4ipdl.ncipi.gojytjcontentdbenipdl?N0000=21&N^ 4/11/2005 



Page 1 of 1 



¥m200 1-244468 



4 



10 007] 



[0008] mi&ty "J a l^^^^^^^ ifiib^^ mias- 'J a >*S t?4^»(*Scc\ lirsaBifkffi^* 

2&=&ig[tf2^^«i2tc§ibific-iriaps^3»i<^^^>i- [0015] -ec— -^-c. m^m^mm^^Tjtm^o 

[0010] ^^\t. mut^'} 2>JE-?-^^t^4^?9» fJIOglSfl^^fJSflaTtc KfLMSS*<^ffiSSo:^±tfc 

[0011] i«i2efk5£»« ^trSd^s K-M> h lET* ©ifeTsO^gfcg:^ n«>o 

^^:rcc &irt2effc®R4>a?Ksast3!>^ [ o o i 6 .1 ii^f kffig&^gxftfM^sji**, y a > 

[0012] icu^^^m^fcti>ui, ^soiifclfci*, il^ftSi u 

BfkSI&«r^i5^. |!rSt^'J=i>«r^«»*^<tS©. liTS [0017] M,\^e^Ui^amt UXkSi. |iiSa'-^'j3>BK 

|iri2!:'*Ja>jg(-ii<:Str4^^€y)&. pM^fte, I efrSESI{k^SS«rdtfS^^K:«<>3£C'g?§2pS 

S[*^it)S, niSJiS^Sf(ta3&i#E><f^»p i nl*^=fe:i.*fjr< 4^f*S^b*«r^*l5SanS2*«»@i. PIEKft^^-fc 

^ifi(,>piapS2*«WS^^l^JtPI2ii^i^?Sf*S3!>^ ."iX. g?iai''V3>J]?.^€:St*4£«#S;0i, pa4i«fl: 
^^dtri3^^«JSu:Si>jli!i'^jiapSS^i4««^l' so €(Ci&^]£C'Srg2pS&^f«JS«^c>(Sfl§anS!4^« 



http://ww4ipdl.ncipi.go jp/tjcontentdben.ipdl?N0000=21&N^ 4/11/2005 



Page 1 of 1 



C4) 

5 

[0016] muimiMi&^sttTsmmfmt 

§ t^/S *Si<t5i^o;^^-4^ e i 1/ r ^ <h » 1/ , 

[00 19] A(*fl^fcCliO. 5naiU±5. OiimKT 

0. OnmJi>lT:d^JJUV*®Stnf'&, X, fet^^^^.* 
r^tB^tcit. SOS*»i?<r^ffliSt?3 0. OnmWTJ** 

[0020] . i^u»mrx'<o&m. ^ 

[ 0 0 2 1 ] s sssssrnf t^'<D&mtci^irfh 
s >5ij8L<c ^ -7 r 'J 3 > 4j tcO^l^aD.^^f* ^fe^^.* 

[0022] $rc BftgS?5*^i:f'2>!»*^B.W^Ci 

[ 0 02 3 ] 3 ^tC, mitlM^^rj.:hm(>C h 
ftB ^ , . BffcSS*^'iXf> i I. A: *>©^rf ^> C <L «C J: 40 

BSF(bacK tmrface field>1ftS 

[0 02 4 ] s/ic, mmtii^^<Dmmt^'^. 



4$l@2QO 1 -24 44 8 8 
6 

[ 0 0 2 5 J Sifi, ]g^4aJ:t>'»lid^llSict>fc-3 

[0 02 6] d^(C, Tiibf96ur»t$^«^^d-tt« 

rFU— t?*- <^S:S:1 93nin) . K r Fl — 
{aJ^itS248nm> . XeClb-t?''- {^tSj^S 
3 0 8nm). Xe F U— If- {^M«^3 5-1 nm> 

[0027] mt^^-Sit»m<D^^&t A 

vX-y^^mie^X, S i d^e»^f^S©:8^«f < ti—^ 
[0028] iJcfl:S£f&*St?*«5#S«: K-.>0 hJl^ 

[00291 Sfc, KffcliS^oeiRsSa^^fkSiii 

[0030] :jCte*ft^<D*SS:fjSR^3».q»»tc-5 

f ^^^^0fS@r'^&. 1 0 1 i^S. I 0 2 

l0 3lim-i9Dig^^^. 10 4(im^ 
»C*^>p 10 1-1 1 0 1 -2«&^ 

s. 1 0 1 -3«^-<oiS^^r*-£>o cneits 
Si 0 iotSfi3tsi*tr*4. 

[0 03 1] <S(*)«f*lOl-liUt:i3:. 
(^iAimtJ:ibm^'nuXK^XhJ:i-, iS^S#«:fflC'r 

^tSRoyg^trhctic^^r^xQ-ji ' D-«u 

X. ?t«y § Ka5<DiHW4*Wr-&HI4liS# 10 1- 



htlp://www4apdl.ncipi.gojp/ticontentdbenipdl?N0000=21&N^^ 4/11/2005 



Page 1 of 1 



4$^200 1 -244488 



7 



8 



[0032] (^il> 0 1 -2 tt@8i^l/r 0. Imo 1/13^^0. 25mo 1 ✓ I Q«LB(C^^ 



[00331 <!?t— <^>5MB^^) J^-<^>afiig^SS 1 5^.'U=3-x CT'K'i^tt) . i^A-^? 

0 1 - 2O7cfe0i*i»i*S 1 0 2^4lfc8ic*»^l^ ir©|3^tt«nc<!f*, cnJb*?l^UfetO*«C»-SC t 

r^C^^PMf^egril^^f d^(C. mt^i^tfi [0 04C] ^k^ctio^^^fttms^, ^;4c{b^»<Dfi 

«r4>ocitCc*:0, iJ^f*S<^fc:>;it-;ugWJBK:j: S<c4>J:^5J>*ieffia, 0. 0 0 1 ff/l ^^^3 0 0 I 

[0 0 3 4] 56tC, m-©aS^«SSl 0 1 -3Ji, 0 g/ ! (0<a@<^^^><^):5U*iS* U < , 0. 0 1 e/ 

Cd:d^'M^ i^tr'. lS-<omf!m^ I0l-3k». Zn [0041] fSffv^ccj: DffifliSS&SS^il^f ^«1&(C 

AM-.. a?. cvD, «ifT^©:*rS*jai^'cs5.^s e^, mst^^^f^stri»(omt^u 

[ 0 0 3 5 ] S ft:, Blfb^SSJS<0^e£*ai l/TiS, [ 0 0 4 2 ] ( Sffi) K*±<OiS^ic^. D , 1 0 1 - 

V 5r, «#H5c:*ft*ffit»r^.ijftStl^>C id^ftt^! 1 ±^(e:^5ltcitur, ^g^a 101-2, ^— CC'iS^aS 

30 I 0 1 - 3 l/XSfi 1 0 1 « 

[0 03 6] J^-''!?? 4f?*«:.fc-3rBfkffii&i8«rfE^fi3W-& fc. «^f<D^.Sfk**S«:r^A:ie><c. S«l 0 1 tc^e 

ISigfig, SffigK^j!^:^^? < s^W-tSitrs-, iar, d [ 0 0 4 3 ] < ^Nf*® > 'J a >,Tt4i^(^3i 

liAr, Ne. Kr, Xe. Hisr, Ot«fi:*^*t:f 6 l-i5)ti*a Si«:f^;ir. S 1 iC7,4*Ge >flD^* 

PII;lliL'5ai^ffi30SSI:d^2 0 U hJUQiSS. Is [0 0^4 4 ] ^^i^ 1 0 2tc:itPili*«:, .ic^RCJ^/X 

e c 1 0 0 s c c mit^^St 0(rS « rcidOSB^Oi^ {$/^Di^>jl^;0^dWdn^. •€^Oj(t$ l/C'd^SIi 
jEi*l>^l O-'To r r*i60. 1 To r r3!>sas o 40 0. 1 -4 O^^^T*^, pSL^^ftSi 

1 5 cm<DJS^. 1 OW:0-*> 1 0 0 KW3!)*Mi; 35 -feSm'^. 

AiSfimitid:. 6miidt{C^'7r^'tt«&ia3>^A':c« [0 04 5] pS^5^CXnSli@CX^^v4$ii^UC(*, ?s 

liim/h'C'iJlB'r^^iS^it, 7 0'Cj^S4 50'C fi{bi4.«U¥-diO. 2 e VtlT<^4,ccA»ftf5! <, 

[0037] ^fc. mi^^i^Ji'7Xmiimm^J&fS:t [0046] S^:, n^imtOXitlOOQcmlUT^ 

iS-f 3|->(^?*gi*, 0 . 0 0 1 m 0 1 / I y)^^ 1 . 0 in S^ii^ait* p i i\^^o> i 524£«#sa:.»<> K+> 7" . 
0 l/io*ffl(cab^WiSJ!l/<. 0. Olmoi/ so 9»^d:<, jft^'P i nt^^ia:^(Cffiv>/<>K4^i> 971^ 



Wr-So •eo^ttWiOri*. A I, Cu, Ae. Au, 



[0 03 8] 5gaV*>. SJS'^^fi^or.^.te^StUTJi 



http://ww4ipdl.ncipi.gojp/tjcontentdben.ipdl?N000()=21&^ 4/11/2005 



Page 1 of 1 



(5) 4$l@20a 1 -24443 8 

9 10 

[0 04 7] $:rc, imF^mv\t^(Dm^-nt^<D^4:sj: 9cK9imo>^mm\t. p^^mmx'i>. nst^imm 

[004 81 Sfc, p I n»^«r3<ag!ial/fc^t$2^;^ 7^0. itfi^^:^3i;|<>:fu:j:-7-C»f5g^O->o. itm 

[0049] iS*^S^i*:Siorii7e (6 3 0iim) © ft«:/ti.'riiS*rtK:ajSAOfcO. Sm«:ia]«>r-7^ 

(Of) :0^5OOOcin-*JWJ:. v-^-i'^^. iU^Ccfc-^rj^^T. ^^^/rbf^ga^tC^AUA: 
u-»-(AMi.5, 1 OOmW/cmM cc:j:^>fi 20 O'ri*^*^*^^, 

c mtLh, aseasa { o d ) 0 x 1 0 - • S/ cmJK l.. iefRfirticfiSg^n^-cSffi 1 0 1 ±^cl|tlR§a«:^&.« 

J: ^ 7 ^ , < ^ x:^ t-^-i^i 5 5 m e y UTr* ^ S 1 0 2 ^^^e^-T 

^ t^ir^o I 214^^**S i UXii, *5r;&4C p Si. n^tc [ 0 0 5 6 ] 'J a acJ«±i&Q^|*S 1 

[0 05 0] *^^9©iifi£g^-C*>'5*?5#Sl 02tc -4 50'C, E/3(S:0. 5 mT o r r 1 0 OT o r 

•:H»'CS^tcgft5!*J)D;t^i, EI2«*^«<3!>4i^#a r. JSa?^."^«7-JtO. 0 0 1 -2 W/c m'/rsftfiao: 

<^P9 i U r ; --5fi<^) p i 11 »^«r t -r?^**® 10 2 ^fi= i U f *>4f ^>n*, =2 > 33^41*^^^ 3tC5i:i^ O 

[0 05 1 ] 0*1 02- 1 A(*efb^«r^.iS'C* H„ Si^H., S i F ,^(0U^) :s:ym^^^mLtc^ 

ifSi^mStf iaL*^t»:Jg lOS-2, tt^tl* GeH.^CH,^ci-<OJ:^i<:Ge^C^^Wl/ 

^t?p3i^«f*ai 0 2-3. BftJ^««:^tfS 1 0 2 /c*/;^ffcO^-Sfb^'4:mW;s.K:ffi.firriC 

-[0052]CCr. 102-lA. 102-3AOK TiC ort*. H,^H e-tt 

t^^^t>cmi^ni>. u'!?^\t^^m^:^'x7im^i7yi.toxm\Lxi> 

[0053] 102-lA, 102-3AfiCfflfk J:ir». ^^S^pSaSi^-SfciCxiD K-J<> Kfxi 
S£S«:^CfSi4. -en-eni 0 2- UdJiCXl 0 2-3 40 l/X«BiH.. B? ,^i>mi.-6ni>o ^fc. 

<>tT'63e^lS^^trnS4^«itS 1 0 2 - 1 B. i^S^ <0*g6iRyrJi>Cc(r»Avf > f+> ^ ^'fiC-ItC^S^ieSr* 

I,. n^^^mrm±i^^m^t^T^^^^<^tnM6 [o 05 7 ] *s^(^>eitr^^^t^s«rXM^^ 5fS-c 

[ 0 0 5 4 ] S ^-c, ±m>^*<^ - xC'ffiiS^^^atf'C t>« S«SS!g^?!rs^«r < S;»'*©:ir$'o 



http://ww4apdl.ncipi,gojp/t'contentdbenipdl?N0000=21&N0400=^ 4/11/2005 



Page 1 of 1 



11 

A©aa<tl/-Ck*A r, Ne, Kr. Xe. Hg. O, 

m^. 1 5 cc!n3!>>^100sccaid^M5;O(r», 
[0 05 8] S/c, ."SRIgBfiC-rtSlil xiO-Tor r 

*>60. 1 To r r:6Sg$UC*. taXSAli. ^-i^? 
KC':*:g?$tc4>J:^y>s, itSl 5 cmoc-Jg^, i owj!» 

7 0'Cd^S4 5 0'Cr4>*Ci3^S«lyt»o 

[ 0 0 5 9 1 stc, c V D^r^.^-Sif^tCk*, m 

y*i6t3La^a COJ.i^t, S i H,iO,atfc^r<JSf£'^ 

rtcc'Sfi^aai*! 0 0-4 sec, K-^ito. bmJo 

rr^lOTorr, l^m&'*<V--\tO. 00 1 ^IW 

[0 06 0] <mz,<f>Amm^) mzi^mmmmi 

5 0!imtca5<i^iaifi^8 0^feLt. J:Ofif«l/<J* 

[006 1] 9:=<;!>39«^fEJS 1 0 z<otm6 LX\t. 
!T0, 2nO. [n,Oi5?«rfim«:fflt^^Ci*5rg? 

A:*F^S 10 3-2 ^SWiZto^OXm^iX i>J:i,K 
[0062] ( ^^^H) ^^mk 1 0 4 {t^^!^^<r 

«2n±r*feaO(rs^^i 0 3±cciSr4i6ni. 
[0063] ^t4d. fMJ«:itor*^s;?33J-M:'i5®tc 

[0064] 

[0 06 5] i^^iy B4^7ii[^tdmttmfSi^ 



(7) 4ffll20 0 1-2 4448 8 

12 

2 0 l *et^ WT<D^iB*Cjfea^»^-Sr©«Ufc. 

[ 0 0 6 6 ] c <o^^m^<o^mim\t. mit^. 

€:S«?S 1 0 2 - 1 A, ISSta«rSt?a3S[^f*S 1 0 
2 - 1 <t , 5Safa*SC i 10 2-2 

ffi«:ao^pat*^i*si0 2-3i*^6nf-?r<r>-So r 

[ 0 0 6 7 ] 04 li, -<J^a!^<DS^U =i>5fe#?Sf*S:CXjfe 

[0068] @4(C^f iigS|i[^.^^g2 0 1 kt. 
3SDttll/«S£0 2, i^35tf*^.ii2J^S^^S2 1 1-^2 
17. ^^irSEOSSS 0 33ftS. Jtf:3^i^-h=&nur 

2 0 4{t, SfeJSoa3i/«fi2 0 2e2ias$nv*c5j^b'> 
aty'^^dffidtv. mim^m*)^2 03vm^'^t:> 

[0069] 4i^i*^.»i2maSSS2 1 1 - 2 1 7 li, 

4 1 ^2 4 7<CiSJ5l%^2 5 l-^-ZblfK^f-^B^^ 

IC^ or J?.15^^:3^^r^jigt/^@^iS« 2 0 4 ±(C 

is«:iefR$ii^. Afc. &^i^w.^mM^^m2 1 1 

XigA^2 3 1 -2 3 7*!|^$nt:v»*o 
[ 0 0 7 0 ] 4i35i#^.^^S3iSS2 1 2 <b^^f*^B.'?a 
^^^SS2 I Z<Dmi^^.lf^im^M^'S^2 1 
5<b4^i^^63M;3Si^e2 1 6<Dn<Ctd:, ^^It^St 

m(o'4mit&^22i. 2 2 2>!>rHfa$nrc^^, Kts 

fk§S22 1. 22 2tc«, :^"-;^i»A^2 2 7. 2 2 
8. x+*^-^U-lJ'-^2 2 3, 2 2 4*5,llfll3nr 

[007 1] l94(C7nUfci^fi^f£jiS2 0 Ut. ^ 
40 «f*SJ.^:S^I^«r7|§l^i^U'rv»-S/yS, tlTCC-;^ 

[ 0 0 7 2 ] i ^-c, s^^f^^.-ddftger (i, 

ir(^'^^^2 0 4 ^&«S2ilil<bcr:']£ftgS$g^3Sgr 

c n €:sa^ ^ c <h j: o x^ismvm^ ^ n ^ 

50 [0073] v^^^«[a£0 tii<./:$S2 0 2 (C, ^fmM 



http://ww4ipdLncipi.go jp/tjcontentdbenipdl7N000()^21&^ 4/11/2005 



Page 1 of 1 



13 

iii\m>ffxy-v. ^m!mn^&s2 11, 2 
12. ikm\ms2 2 1 . ^»^.^m^^2 13.2 

14. 2 I 5, &^ffcSS£2 2, *^ft^.^S2 1 

nrv (c^^&ig^?f ^ re. 

[0 07 4] -eur, SfeiS0a3O«S2 0 2. 
^63^.^:^i&$32 1 1. 2 12, 2 13, 2 14. 2 1 
5. 2 16, 2 17, ttaft^2 2 1, 2 2 2. ^ 

SS2 0 3 *T®5T^<^>:ft3£?J<>7-?!y>^^i: 
»gv.^tc J: 0 . 5 X 1 0 T 0 r r WT* vn^lcM^ 

^Ra«gi^SB2 11-21 4-^:f/;^^A«2 31-2* 



C«> 4$9I200 1 -244488 

14 

* 3 4d^6jlt4<^;^&J>Wv*^X^, •S^ffc*S2 2 1 
5 0 0 s c c m(0^iix^^Ufc. 
1 0 0 7 6 ] ^i»f*S5.«S;a^«S2 11-2 1 
4W5l-<^>^f*S5.«^.:^$SS, $&^<fcSS2 2 Z^\t 

tm&mM^'smz 11-2 i4^(om)^^<ozt} 
10 (cesBfi/A:, H^6S^{f^i(c^rso-r^&. cod 
Sf. iixm?smzz \ \t^t£2n&xmmo. s i h 

/tc. tt>Sfls«@2 2 1 f^i« 2 T o r r <sc:'SA(cfg}$u 
A:. 

t«l] 



2 1 1 ommtW 




S i H« : 2 0 8 c cm 
Of : 1 0 D B ccm 






3 0 0^ 






1 . OTo r r 






S IH« : 20 8 c cm 
Hf : 1 0 0 $ C cm 

PHi (H,r2 9^C?&fO : 30 seem 






300^ 






1 , OTo T r 


2 1 SC^J^^fi: 




S ]H« : 3 0 8 c ciD 
Ht: iOOOsccm 






soot: 






3 OOmTo r r 


2 1 40IB^Il<M 




SlH«:10BCcm 
Ha : 8 0 0 B c cm 

BPj (H,T25S)C«R> : 100 8 ccm 






2 0 or 






1. 2To r r 



[0077] ^^(^^famn^^BZ 11-21 4rtO 
Z-h^^UTcLCiV, gfi^*;dlL»:&S2 0 Ztf^i^ 
Sfte6»S0«S2 0 3C[:'^iai(C, ^%tiSffi2 0 4O 



50 



[0078] ^XiC. ^»mmBA^^2 11-21 
4I^CC'ft@Sg02 4 l-2 4 4tC|5aa@3«2 5 1-2 
5 4 0 jilaS U . 4«i*^e£fl|.:&3i$g 2 1 1 
-2 1 4i^O«S!^(cyp--At@%^o, 



http://ww4 Jpdl.ncipi.go jp/tjcontentdben,ipdl?N0000=2 1 &N0400=image/gif&N0401=/... 4/1 1/2005 



Page 1 of 1 



15 

«2 0 4 ±iC. £ 0 4 ±«:i5fkl£S^St^S 

(B^l. Sum) &^S£U r*>lr7T:^nS*«» 
S («W20nm> *^6£LA:L/A:». X e C 1 x+s^ 

^t>p^^^»m (IIJ?I On in) 
[0079] CCr, ^f*f^.«SK^&2 1 WClt 

13. 56MH2. Mri-tfjR5inW/cm'<^iiSJiI« 
MHz. M^-«S2 0!iiW/cm^O«ag^«riS 

m©*l?S^?fe-fr5.i3L-JL.<i:flo:(.'fc 1 - 2> o 



(9) 4*89200 1-244488 

16 

* ufjiif^^tcmit. mm I - 1 iH4i<D*ftr^« 

[0 08 i]i^iJie^i-i. tmmx - Ko^m^^ 
^'^g^e^-:^?* (9jo»(^>rsiaraPi8imm. ir@ 
OB! 1 0 0 ) ^mi>*x^m^m^t^^mt(om<o& 

OXisU^fc^m 1 - 2 . Jtl2lf< 1 - £<^:fclfSf5^^S> 
ia«8 5lC, a!S8 5^©«f?;ricSftgL3 0 
10 •?<C«7 0<>*H*Tia«-2 0'C3!rTtf3 0 

^fSf^, ^CX7 0^*^lt"C{gfiC8 5•C!I!SJ^[8 5%^^:• 
Mr. CQ-tF-'V i^;U«r 1 0 Oti^OigLA:f£CC|Bgfc)fe§ 

UT*^(»^fcStfiffl 1 - 2 , tt^i^ 1 - 2<D*IS«Mj^S> 
:3.-^l^«rSS8 5X:. Sg8 5^<DBSMtCS@Sb. IS]B# 

tcig:#ia].»<^7;^€r i o VEnijQSiiii;o^*p5 0 oeegig 

[^2] 













0. 96 




1 


0. 9 9 




I. 0 


0* 95 




I. 0 


0. 9 5 



10 0S2] mzic^-r^^^ic. ^^mo>^ni-i 
tmn x-2 oiss^mm^t * - .'Ht»o x , ussf*, 40 

[0083] (^te«2 ) 04 tCTnUfdtfslgaJsS^S 



-fi:3£5£<Jir'£lS^tl*ia t?nSl^^*f*S 1 0 2 - 1 B 
dtSSrti'frdt? i SL^t^m 10 2-2 <bi!t^fB^dtr 
pS4a»i*:Sl 02-3i:^6<t-7-C<r»&o fttfe^. 

miim^X'^i. 

[0084] 1 iPiff tC, :^t«<3C'«®i5«g2 0 

4«:m^l., i^8llg^.^^S2 0 S^aSO 
ffiU«»20 2. ^tf»$6£J9A£«ffi2 1 1. 2 1 
2. 213, 214, 215. 216. 217. tm\t 
$82 2 1. 2 2 2, Slg@»Sl0^li2 0 3^7(11^ 

[ 0 0 8 5 ] Mmf1&^^rm^it-7-:>. 
^^Rmea^eS 1 2 ---2 1 4-^y7'3^^A«2 3S-v2 



http://ww4ipdl.ncipi.g6 jp/l3contentdbenipdl?N000()=21&N0400=^ 4/11/2005 



Page 1 of 1 



Off) 4$l@20 0 I -244488 

17 18 

4 ia5l-<?>ii^f*83.'i2^:S^«Stc|j:^;^«A^^ 2 0 2-214 f^<omti^wm(D&7U:fS^&Otc, »fi£^ 



2 1 2«^^f^ 




S i H4 : 2 0 9 c cm 

Os : 1 0 0 B c cm 

PH« (H»*?2%(;:i&f0 : 30 seem 




soot: 




1. OTo r r 


2 1 3«>ierit^# 




S 1 P4 : 50 B c cm 
Ht : 3 0 0 B ccm 




400^ 




1 0 OmTo r r 


2 14<^^^lfs 




S IHc : 1 0 8 c cm 
Hr:8bD$ccm 

BPi (H|-?29flz|^ :100s ccm 




200HS 




1. 2To r r 



[0 08 7 ] 4^3S#^.q3i^A^^S2 1 2-2 I 4rtO 30 2. 4 5 GH 2 . .•*'?'-lS5S*5 0 mW/c m'i^SJilfi 

EEfsii^ltUtctC^X^. efi3£Omb:gS2 0 230^6 ^im^A^^S2 1 4<£:(»Ji%lgt 1 3. 5 

^««fitBl*3«IS2 0 3©:«riajtC, ^«iSffi204C0 OMHs, .»<7-a«3 0 mW/c m'a>jasm«A«: 

[0088] vtic, 4M5f*m.^^«^«S2 12-21 [0090] lt:«^:qqg:?ncC'iiift^i>> -JUfk^tJ^C* 

4 F^fiC'ISJillfS^Si A^2 4 2-24 4 ^iSSft^aS 252 T , ?^lSUfc»tf.©*lgS^3ft^«: 36cmX22cai 

-2 5 4 J: ♦iS®?^«riS?\ly, ¥«f*?JJ.'52^:^^^S2 <3:>*r«^?fe*t'':>^-.'Utt:f|]Xl/fc (||tfiffl2 - 2 ) 

12-214 PJ(C'i|£f&^^C 'i^D -SlS^^U . [009 1 ] vtiCitfw|gff^6£3eg2 1 2 iCWk(Di>^t>^: 

JiS«2 0 4 ±«:, «^Sfi2 0 4 ±tcBfkea&^ u:^kS«:«A^:^cfcWl«?frfi^2 - l ^mm<o^mv^ 

.^ir*T*iU7TAnS*?SM*« ce®3 0iim> {Jte«2 - I ) ^W2-24;I%0 

4iffi (-»Ol.xx.t.'U4^-l 50mJ/cmM *?T-7 2), 

r. ififb5tS?:^.^<^ir ^^atl^lStf n S4^^tt:S [0092] |?tfi^2 - 1 . ^tl5€?l2 - 1 

1 . 5 ii in ) . aSi^ta^rSt? P 2[^^(*S (|g© 1 0 n #14^§a-^:fc, ^fcih P>i}'^ t;aO*7J^7t«Sa^$=&S!l^ 

in) «:^.'«l.ifeJg^;'3^^«:^^.'ai/?'c i^^^Z - L/C^iJt*fcl?5fiPll2 - 2 . tbl5«2 - 2<?>*I^S«jlk^l> 

n. aSdS-C, Sg9!8 5^<Z)l«^(CSS@U3C 

[ 0 0 8 9 ] c c ij^fi^.-d^s^s 2 1 2 tc (t ^fsj^, ^<r>^^ 7 0 ^/y^ttx?a« - 2 0 x:3! r-Ttf 3 0 

4^<^)gGiE^se5S2 1 3 (ci»@^^ 50 mr, 1 0 ommi*)&i^rc^u:mfsam 



http://ww4ipdl.ncipi.gojp/tjcontentdbenipdl?N0000=21&^ 4/11/2005 



Page 1 of 1 



19 



(11) 1*KI200 1 -244488 

e(3r:is.m*ft4ec7Sf. 

[«4] 









OfeBM 2-1 «>ffi«l tdeiMs) 


I 


0* 94 




1 


1. 0 




1« 0 


0. 93 




I. 0 


0* 93 



[009 3 ] S4tc?n-r.i:^itc; '■^•^m<o^m'i 



[009 4 ] (*i6«3 ) 04 tC5^U:fe*tf»®EJ6£^g 

[0095] 04", ® 1 il^te<^>^M«^:Ufl]GR^«:ft 

^{k^^^dtrS 1 0 2 - 1 A, la.g.tg'&dtj^iiSiiSMS 
<M 1 0 2 - 1 ^, HtJMS^^tr I 5Si|£^i^€ 10 2- 
2 iJSatg^S t? pS4^^f*^ 1 0 E - 3 , H^atl-fi::^ 
triiS«iS£i${4^9 1 0 2 - 1 Itaii^t^tr. i §34^0: 
SI 02-5^9S.i4l^S-tPP^^rMl 02-6, 



[0096] mi&m 1 ^l^titC, ^i^C'«$^s£2 0 

2 0 2, ^f*}l}.»i3^;e^«S2 11. 2 12. 21 
3. £14, 2 15, 2 16, 2 17. «&a%fk«S2 2 
1. 2 2 2, SI6%^BlD«S2 0 3%7@^K^i< 

[ 0 0 9 7 ] vt«:» 
30 ^fi£^a^S2 I 1 --2 1 7-^:^f;^^ISA^2 3 1 -2 

3 7 fi^hfm^f^JStUf^^f^^^. tmit^Z 2 1 , 
2 2 E'^S 0 0 s c c mt0^k7^.:^'^^m^Ufc. 

[ 0 0 9 8 ] S :rc, T^m^<0^y-- h tf^.m&B^fi>. 

SL/^C, ^«*?t5.'i2^.:^S«?S2 11-21 lt\<OW^} 
?T':i:r>A:. ^tfL, ^.gifi:«e22 1. 222f^kj:2To 
40 [«5} 



http://ww4apdl.ncipi.gojp/tjcontentdbenipdl?N0000=21&N040()^ 4/11/2005 



Page 1 of 1 



(12) 4$BII200 1 -244488 



n 




27 






o I rL| : ^ 11 B V c in 
Oi : 1 0 0 B ccm 






3 0 0C 






1 . OTo r T 


O 1 O O 1 R 




Hr: lOOsccm 

Frt| uni z zb4«.9^vv ; o o » c cm 




-tt tola 1*1 


3 0 U \^ 






1. OTo r r 


o 1 o 41 1 e 
« 1 8* « 1 D 




O I XT ■ S A a M M rvx. 

5 1 rl« : 9 U 8 c cm 

HftSODsccm 






400X: 






1 OOmTo r r 


2 14.. 217 




S IHt : 1 0 8 ccm 
Ha : 8 0 0 B c cm 

BF« CHtT25$)CfHR3 :100s ccm 




mam. 


200t: 






1. 2To r r 



[0099] ^mt^^jm^^mz 11-21 7f^v> 
[0100] :xic, ^»m!&mM^'S^2 1 1 --2 1 

7PiCBtSSS2 4 l--2 4 7cCiS/sS^?®2 5 1-2 

ta2 04±tc. 55@Kg«2 0 4±<Ci5fb^^StPS 
(Kill . 5 II en) r^iU7TAnS4^# 
Jg (SU^aOrtffl) ^^^cEUfcl/fclS. XeClx4^*^ 
■^U-1?'-tC.fc^SSft®ffi {M,'U;^x4-'U^- 150 
mJ/cinM ^?f'>X. $&a^t|^dtPnSS4^i4:S« 

Oiiflj) *®fi£Ufcl/A:fft. XeC Ix^^s^vu-if- 



1 0 1 0 I ] c cr, ^'^{^^f^mM^^mz i i tcii 

Jg|g»13. 5 6MH2. ^'^^J-EgtSmW/cm*© 
TeflaS;^^. 4ajM:^(«ffi:K^«32l2(C($@%% 
40 1 3. 5 6 MHz, 5 mW/cm'OiSJge 

i^«?f*m.^J^:^S«S2 1 3<Cltg?fflS2. 4 

4^i4^^6&m^$@ 2 1 4 (C($ 13. 5 6 
MHz, ^^'?-tStt3 0iiiWy/cai'<DasaK@;^3«r. 
i^f*^.«J^^^:g^S2 1 &(c:^&S[l 3. 5 6MH 

^^mA^'&&Zieu:^mm2. 4 5GHz. M*? 

:^^«S2 1 7(CJiJiIf^l 3. 5 6MH2. /-^^-S 
50 fl[3 0mW/c!n'C0!SSfe^«:^»Al/fc. 



http://ww4apdLncipi.go jp/tjcontentdbenipdl?N000()=21&^ 4/11/2005 



Page 1 of 1 



23 

[0102] ■'XicTmn^''jBm^t>:^-M\:^^m^» 
[0 103] mm3o>±mm^'^:'^:^''Mt, ^^ei 

[0104] (||^M4 > @8 (C7jtL:rc^mig»$s£^S 
2 0 1 ^m^^. WTa>^IB*C@9 K:^i^Ufc*3gS*^.^ 

t-r^iltq^migtfnM^^i*® 1 0 2 - 1 B. fe^tB 
^ig-t' I ^¥^'f^;s 10 2-2 t^m^^^t^p^^^ 
<»9 1 0 2 - 3 . if9StB£dtrn^4^$<^Js 10 2-1 
^. l&gtl^iaft?i^i!^f»i3102-5^^afB^id 20 

tfps«»#:a 102-6. i3!»^o:-»rc-*. -r^f*) 



4»§200 1-244488 
24 

fe. C<^ft«fiS/3^^li<,^*3i9>^>p i lip I 

[0105] 1 <bRilSk:« #i7;cc-iS^^Se2 0 

4 ^i^l3^^^2 0 1 (T'^^O. S^OUO^S 
2 0 2, ^f»^.1^^:g^^S2 11. 2 12. 2 1 
3. 2 14, 2 15. 2 16, 2 17. iiSgffc;«S2 2 
1. 2 2 2. S«6«»S0«S2 0 3^7S]:^X^:K 
>:^d^6nf*S^rsU3^<CJ:n, 5 x i O'^ To r ri^l 

[0106] ;ft^gwfe*ffa3i*'>-?. 
iB«&ffi:feS^II2 11-21 7--;^'::^^A«2 31-2 
3':i)=^if^W.miS^lSiV^mtf^^. JSSfbSS2 2 1 , 
2 2 2^5 0 0 s c c xri<0->^.^'^^mti^l'fc. 

[ 0 1 0 7 ] S:rc, TiS^©^^- h «'^«M&©3&^^, 
#*'^ip'-Kce<-h:f/^iL/r500« c cmfiDH2 

^L.T. ^ftftJ.^:^^«IS2 1 1 -^2 1 7FSCDSA 

^tCEoA:. £i^c. ilt.gft«S2 2l. 22 2f^kt2To 

[^6] 



http://ww4ipdl.ncipi.gojp/t]contentdbenipdl?N0000=21&N^ 4/11/2005 



Page 1 of 1 



a4} 4499200 1-244486 



25 




26 


2 i lOJSd^ff 




S S H4 : 2 0 6 c cm 

O* : 1 0 0 B c c m. 

PH3 KVii^^^&m^ : 30 seem 






3 0 0^ 






1. OTorr 


2 i 2iim^» 




$)H4: 208Ccm 
O* * fi 0 s £ 

PHa (P1»T2%^ ; 30 8CCfa 






3 0 or 






1. OTorr 






^ J rx^ m ^ V 9 v> V 

Ht : 1 0 0 B c cm 

PH« (H»'P2%SMn "SO so em 






w V \J ^ 






1. OmTo rr 


2 13 2 16 

& A V * AAV 




Hi : 3 0 0 B ccm 






400^ 






1 OOTo r r 


2 14. 2 17 




S]Hc : lOsccm 
HftSOOsccm 

BFi (H|-?2MWD : 100»ccm 






2 OOr 






1. 2To T T 



[0106] ^^^^f&mn^^mz 11-21 7p^(r> sm%i&mii^tcm\tmm^^^^tri>T^}ivT:!. 

[0109] -XiC. ^f*5^J.lS^.:ft^«S2 1 1 •>-2 1 atB«:^t^ 1 (§S)?2 . 0 mn) , tSatS* 

7Pi(5C:'ftc@^gi2 4 l-2 4 7tcS^8^^a2 5 1-2 ^tPpM^iSfta (|gl51 Onin> €:».«orsJ4>i*-b 
5 7,^:*i]g5Jia^:?!5Al/, 4^«#^6£^^?SS2 1 1 S 6K:r^^l^5 t AnS4«»S 

<!;-r«r^.<U7 7AnSL4^$<^J3 (SH^lSnm) , 30 ^U:rcft(c, g9t2$S&ti«dtrn^4i^A:S±tceigt9 



http://ww4ipdl.ncipi.go jp/tjcontentdbenapdl?N0000=21&N0400=^ 4/11/2005 



Page 1 of 1 



27 

[0 1 1 0] CC-C. i}^f*^.^2^S[^S2 I ItCli 

13. 5 6 MHz, ^tr?-fiSa[5inW/cm'<Di&@a 
Sa^^. ^?»f*f!^.'i^:^^«S2 1 3iCtiJgl?S»2. 4 

4^^it:i^6S^m:^£:$^ 2 1 4 UK^jifSlit 13.56 10 
MHz, .»^'?-lSa3 0mW//cm^<O(5/g2g^jft^. 

^mm^famM^^m2 i &(cii@ssEi o. &6mh 

^6l&^:^3i@^2 1 6(Ci»mii^2. 4 5GHz. ^'^V 
-«S5 0 mw/c m«<DiSjS««;^*, ^i^f^^rm 
.S^«S2 1 7 «Cli@f$S 13. 5 6MH z , .'^^-S. 

[0111] ■^x^cTm^'im^i>:^'-Jiit^^mi' 

X. H>'^ Ufc»K<^jfeS«*^^«: 36cmX22cm 

[0 1 12] '0M4p:mmm'ti>^-Mts ^M^l 
-2©*fSSlk*i>:*-jViH:-<ri. 4«&<^>7t«£» 

[0 113] 

[^ISO^*:^] UJiOJr^iC. if:^miCJ:ti\t. 
T. I^IBT, ^►■5l^Ji:§rfi!r^tct>A:'SffiJlT«ci:K:*Jl^ 30 

a > m.^^^/ot<L^^m'^<o^^^ o , iff 



4$Ba200 1-244486 

[04] ;^f?iliccs^jfc$s«;^^^tS!3gr^i6g|g^g 
[05] mi^n<c^htii^m:f7St'¥o-«^7hr»^ 
me] ^m^^imm:h^'^*-e^^^Tm^ 

[07 ] S*W«:C^*3feiB«*3&^'--««:^r«2^fl5 

[08] ^mc^i>ffmm:^m^^^r^^mm^ 
[09] m^m^^^^m^'-e^^Tfcrig^ 

[f?^fl>gfi^3 
10 1: ^fi 
I 0 1 - 1 :Sf* 
10 1-2: 

10 1-3: m-<oi&m^mm 

10 2: *«f*S 

10 2-1 : a§igti$;^t? ii^i^f^ia 

1 0 2 - 1 B ; mmX^^^tir^^^^^t^nSL 

10 2-2 :6ati«dtPiSi¥3Sllf4E« 
10 2-3: teStB*^t» pS4^3»f*l» 

1 0 2 - 3 A m\t^.^^um 

1 0 2 - 3 B : m\mm£&.^tr^mkm^t*p&. 

1 0 2 - 4 : 9$llti$dt? m^^^ftPB 
10 2-5 : Zm^B^^tT i ^¥«f*© 
10 2-6: iSati«r«t? pS^f*® 



103 




1 0 4 




2 0 1 




20 2 




2 03 




204 





2 11-217: ^^i^J^&MMM'&m 

2 2 K 2 2 2: $gafl:«fl 

2 2 3, 2 24 :x4^i^-?U— !f-ft!B 

2 2 7, 2 2 8. 2 3 1--23 7 :iy;^i»A« 

2 2 9. 2 30 :3i^5'f5ffi^>:7b-ir- 

2 4 1-247: ft^^Q 

25 1-2 5 7 :SJgl?««ag 



http://www4ipdl,ncipi.gojp/tjcontentdben.ipdl?N0000=T^ 4/11/2005 



Page 1 of 1 



OS) 



4i»a200 1-244488 



mi] 



n a. 



lOB 



} 



-UB-JA 



[@2] 



-m-t 



-I 



[B6] 

JIL 



-IQl 



[03] 




-MB-BB 



http://ww4apdLncipi.go jp/tjcontentdbenipdl?N000()=21 c&N0400^^ 4/1 1/2005 



Page 1 of 1 




http://ww4ipdl.ncipi.gojp/tjcontentdbenipdl?N0000=21&N0400=dmage/gif«S^ 4/11/2005 



JP,2001-244488,A [CLAIMS] 



Page 1 of 1 



• NOTICES ♦ 

JPO and NCIPI are no^ responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the photovoltaic cell which contains the first transparence conductive layer, the semi-conductor layer containing a silicon 
atom, and the second transparence conductive layer on a base at least The photovoltaic cell characterized by preparing the layer 
containing oxidation sihcon in the field which touches the transparence conductive layer containing said zinc oxide of the semi- 
conductor layer in which at least one layer of said first transparence conductive layer and said second transparence conductive layer 
contains said silicon atom including a zinc oxide. 

[Claim 2] The photovoltaic cell according to claim 1 characterized by preparing the layer containing oxidation silicon between said p 
type semiconductor layer nearest to the transparence conductive layer in which the semi-conductor layer containing said silicon atom 
contains said zinc oxide more than a lot, including at least the pin junction which consists of a p type semiconductor layer, an i-type 
semiconductor layer, and a n-type-semiconductor layer or said n-type-semiconductor layer, and the transparence conductive layer 
containing said zinc oxide. 

[Claim 3] The photovoltaic cell according to claim 2 to which the layer containing said oxidation silicon is characterized by including 
a dopant atom. 

[Claim 4] The photovoltaic cell according to claim 1 to which said p type semiconductor layer nearest to the transparence conductive 
layer in which the semi-conductor layer containing said silicon atom contains said zinc oxide more than a lot, including at least the pin 
junction which consists of a p type semiconductor layer, an i-type semiconductor layer, and a n-type-semiconductor layer, or said n- 
type-semiconductor layer is characterized by using oxidation silicon as a principal component. 

[Claim 5] The photovoltaic cell according to claim 1 characterized by the oxygen density in said oxidation silicon increasing toward 
the transparence conductive layer containing said zinc oxide. 

[Claim 6] The photovoltaic cell according to claim 1 characterized by making crystallization processing [ like / at least / a part of / the 
formation fault of the semi-conductor layer containing said silicon atom ]. 

[Claim 7] The photovoltaic cell according to claim 6 to which said crystallization processing is characterized by being at least one 
processing of heat-treatment, annealing treatment, and hydrogen processing. 

[Claim 8] A photovoltaic cell given in claim 1 characterized by creating said semi-conductor layer by the plasma-CVD method using a 
RF thru/or any 1 term of 7. 

[Claim 9] A photovoltaic cell given in claim 1 characterized by said semi-conductor layer containing a crystal phase thru/or any 1 term 
of 8. 



[Translation done.] 
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♦ NOTICES ♦ 

JPO and NCIFI are no^ responsible fox any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



P3etailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to photovoltaic cells containing the transparence conductive layer containing a zinc 

oxide, and the semi-conductor layer containing a silicon atom, such as a solar battery and a sensor. 

[0002] 

[Description of the Prior Art] as the photovoltaic cell which has the semi-conductor layer which consists of hydrogenation amorphous 
silicon, hydrogenation amorphous silicon germanium, hydrogenation amorphous silicon carbide, those microcrystals, polycrystal, etc. 
conventionally - a long wave — in order to improve the collector efficiency in merit, what prepared the reflecting layer in the rear face 
of a semi-conductor layer is used. As for this reflecting layer, it is desirable for 1200nm to show an effective reflection property from 
the wavelength of the absorption near the band edge of a semiconductor material which becomes small, i.e., SOQnm. Those of ****** 
is fully metals [ condition / this ], such as gold, silver, copper, and aluminum, those alloys, etc. 

[0003] Moreover, to also make preparing a transparent concavo-convex layer optically and performing optical confinement in the 
predetermined wavelength range, to prepare the transparence conductive layer which generally has irregularity between said metal 
layers and semi-conductor layers, and to improve the short-circuit current consistency Jsc, using the reflected light effectively is tried. 
Furthermore, said transparence conductive layer prevents the property fall with shunt pass. Moreover, in order to improve die short- 
circuit current consistency Jsc, using incident light effectively, to increase the optical path length in the semi-conductor layer of 
incident light is tried by preparing said concavo-convex transparence conductive layer in the optical incidence side of a semi- 
conductor. 

[0004] as the example - " - P-lA-15 a-SiC/a-Si/a-SiGe Multi-Bandgap Stacked Solar Cells With Bandgap Profiling"Sannnomiya et 
al., Technical Digest of the International PVSEC -5, Kyoto, Japan, and p — attaining increase of the short-circuit current by the optical 
confinement effectiveness in the combination of a reflecting layer with the irregularity constituted from a silver atom by 387, 1990, 
etc. and a zinc oxide layer is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] However, although the transparence conductive layer containing the zinc oxide already 
indicated as mentioned above and the photovoltaic cell using it have the outstanding photoelectric transfer characteristic When these 
photovoltaic cells are further serialized and used under an elevated temperature in the bottom of the use over the bottom of humid, or a 
long period of time etc.. When the condition that the optical exposure was carried out follows only the part for a long time and the 
potential of reversed polarity is impressed to the part by which light is not irradiated with the potential generated in the usual optical 
conversion, or in including the stroke of reducing atmosphere like heat-treatment, annealing treatment, and hydrogen processing in the 
stroke after forming the transparence conductive layer containing a zinc oxide Or the 2dnc atom in a zinc oxide was spread in the semi- 
conductor layer containing a silicon atom, there was concern of reducing the photoelectric transfer characteristic, according to the 
factor of the adhesion force with the layer in which the permeability of a transparence conductive layer falls or adjoins a transparence 
conductive layer declining. When carrying out through the stroke of the big ambient atmosphere of a reduction operation for the 
reason of setting like some [ at least ] formation faults of the semi-conductor layer which contained the silicon atom especially, and 
forming the crystallized semi-conductor layer, especially the concern was large. 

[0006] Then, this invention solves the above-mentioned technical problem, and it aims at offering a photovoltaic cell with the 
photoelectric transfer characteristic which was excellent also v/hen the stroke of reducing atmosphere like heat- treatment, annealing 
treatment, and hydrogen processing was included in the stroke after forming the transparence conductive layer containing a zinc oxide 
under the elevated temperature also in the bottom of the use over the bottom of humid, or a long period of time etc. 
[0007] 

[Means for Solving the Problem] In the photovoltaic cell in which this invention contains the first transparence conductive layer, the 
semi-conductor layer containing a silicon atom, and the second transparence conductive layer on a base at least The photovoltaic cell 
characterized by preparing the layer containing oxidation silicon in the field which touches the transparence conductive layer 
containing said zinc oxide of the semi-conductor layer in which at least one layer of said first transparence conductive layer and said 
second transparence conductive layer contains said silicon atom including a zinc oxide is offered. 

[0008] This invention offers the photovoltaic cell characterized by preparing the layer containing oxidation silicon between said p type 
semiconductor layer nearest to the transparence conductive layer in which the semi-conductor layer containing said silicon atom 
contains said zinc oxide more than a lot, including at least the pin junction which consists of a p type semiconductor layer, an i-type 
semiconductor layer, and a n-type-semiconductor layer or said n-type-semiconductor layer, and the transparence conductive layer 
containing said zinc oxide. 

[0009] This invention offers the photovoltaic cell to which said p type semiconductor layer nearest to the transparence conductive 
layer in which the semi-conductor layer containing said silicon atom contains said zinc oxide more than a lot, including at least the pin 
junction which consists of a p type semiconductor layer, an i-type semiconductor layer, and a n-type-semiconductor layer, or said n- 
type-semiconductor layer was characterized by using oxidation silicon as a principal component. 

[0010] This invention offers the photovoltaic cell characterized by the thing like ^e formation fault of the semi-conductor layer 
containing said silicon atom for which crystallization processing is made in - section at least. 

[001 1] It is desirable that the layer containing said oxidation silicon contained the dopant atom. It is desirable that the oxygen density 
in said oxidation silicon is increasing toward the transparence conductive layer containing said zinc oxide. It is desirable that said 
crystallization processing is at least one processing of heat-treatment, annealing treatment, and hydrogen processing. It is desirable that 
said semi-conductor layer was created by the plasma-CVD method using a RF. It is desirable that said semi-conductor layer contains a 
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crystal phase. 
[0012] 

[Embodiment of the Invention] In order to solve the technical problem mentioned above, as a result of repeating research 
wholeheartedly, this invention person In the photovoltaic cell which contains the first transparence conductive layer, the semi- 
conductor layer containing a silicon atom, and the second transparence conductive layer at least on a base At least one of said first 
transparence conductive layer and said the second transparence conductive layer contains a zinc oxide. To the field which touches the 
transparence conductive layer containing said zinc oxide of the semi-conductor layer containing said silicon The semi-conductor layer 
containing the photovoltaic cell characterized by preparing the layer which consists of oxidation silicon, especially said silicon atom 
The pin junction which consists of a p type semiconductor layer, an i-type semiconductor layer, and a n-type-semi conductor layer is 
included more than a lot at least. Said p type semiconductor layer nearest to the transparence conductive layer containing said zinc 
oxide or said n-type-semiconductor layer between the transparence conductive layers which contain said zinc oxide at least The 
photovoltaic cell which prepared the layer which consists of oxidation silicon, said p type semiconductor layer nearest to the 
transparence conductive layer containing said zinc oxide, or said n-type-semiconductor layer In the bottom of the use on the 
photovoltaic cell which used oxidation silicon as the principal conq>onent, and over the bottom of an elevated temperature, and the 
bottom of humid or a long period of time etc. Or it sets in the stroke after forming the transparence conductive layer containing a zinc 
oxide. Even when it includes the stroke of reducing atmosphere like heat-treatment, annealing treatment, and hydrogen processing It 
found out controlling the diffusion to the semi-conductor layer containing the silicon atom of a zinc atom, controlling decline in the 
permeability of the transparence conductive layer containing a zinc oxide, and controlling the fall of the adhesion force between the 
transparence conductive layer containing a base and a zinc oxide, and a semi-conductor layer. 

[0013] There are the following operations by making it the above-mentioned configuration. It becomes possible to control diffusion of 
the zinc to the semi-conductor layer containing a silicon atom by preparing the layer containing oxidation silicon in the field which 
touches the transparence conductive layer containing said zinc oxide of the semi-conductor layer containing said silicon. 
[0014] The band gap is about 3.3eV, its zinc oxide is transparent in a visible region, when superfluous zinc forms. donor level, in 
having the presentation of an overzinc mold to stoichiometry by the hole of invasion of the zinc atom of a between [ grids ], and the 
oxygen atom in a grid etc., and it functions as a transparence conductive layer with moderate conductivity. 

[0015] On the other hand, superfluous zinc causes diffusion to an adjacent layer. When it sets like a semi-conductor formation fault to 
the semi-conductor layer which are components with a main photovoltaic cell and diffiision of the zinc in a zinc oxide takes place to 
the bottom of the long-term use after formation to it, we are anxious about deterioration of the membraneous quality by turbulence of 
the network of a silicon atom, formation of the impurity level in a band gap, etc. 

[00 1 6] As factor matter with which the transparence conductive layer containing a zinc oxide diffuses the inside of a semi-conductor 
layer in the configuration which touches a semi-conductor layer including the pin configuration containing a silicon atom, although 
dopants, such as zinc, oxygen, and Lynn, boron, are raised If these diffusion coefficients in silicon are compared, a zincky diffusion 
coefficient is far large, and in order that the zinc in silicon may form level in the middle location in the band gap of silicon, zincky 
diffusion is the big factor which spoils the function as a semi-conductor layer greatly. By preparing the layer containing oxidation 
silicon in the field which touches the transparence conductive layer which contains said zinc oxide of the semi-conductor layer 
containing said silicon here, it becomes possible to control diffusion of the zinc to an adjacent layer, and the above-mentioned trouble 
can be mitigated. 

[0017] As a concrete example of a configuration, the semi-conductor layer containing said silicon atom A p type semiconductor layer, 
Said p type semiconductor layer nearest to the transparence conductive layer which contains said zinc oxide more than a lot, including 
at least the pin junction which consists of an i-type semiconductor layer and a n-type-semiconductor layer, or said n-type- 
semiconductor layer, The configuration which prepared the layer containing oxidation silicon between the transparence conductive 
layers containing said zinc oxide, The semi-conductor layer containing said silicon atom A p type semiconductor layer, an i-type 
semiconductor layer. The configuration in which said p type semiconductor layer nearest to the transparence conductive layer which 
contains said zinc oxide more than a lot, including at least the pin junction which consists of a n-type-semiconductor layer, or said n- 
type-semiconductor layer considers oxidation silicon as a principal component is raised. 

[0018] It is good also.as a layer which consists the layer containing said oxidation silicon only of oxidation silicon with the 
configuration which prepared the layer containing oxidation silicon between the transparence conductive layers containing said former 
zinc oxide, and good also as a layer containing a dopant atom. When the layer containing said oxidation silicon is used as the layer 
which consists only of oxidation silicon, it constitutes from thickness of the range which can take out the carrier generated in the semi- 
conductor layer using the Uinnel effect. 

[0019] Specifically, 0.5nm or more S.Onm or less is the desirable range. Moreover, you may deposit on the whole surface and the 
structure currently formed in the shape of an island is also available. Since the conductivity over a carrier can be secured as compared 
with the layer which consists only of oxidation silicon when considering as the layer containing a dopant atom, 30.0nm or less 
becomes the desirable range. Moreover, when forming in the shape of an island, 30.0nm or less is the desirable range in the thickest 
field of an island: 

[0020] It is thought that zincky diffusion advances more under the use under heat and high humidity and use of long duration. 
Moreover, since the consistency of the superfluous zinc atom in a zinc oxide increases in including strokes of reducing atmosphere, 
such as heat-treatment like the formation fault after a zinc oxide, annealing treatment, and hydrogen processing, it is effective to make 
it the above-mentioned configuration and to control zincky diffusion. 

[0021 ] Moreover, when moisture has mixed under the use in the long duration under a high-humidity environment etc., since the 
growth object of an arborescence is formed into silicon and this becomes the fall of a property, and the factor which generates a shunt 
further according to a migration phenomenon, zinc is effective similarly. 

[0022] Moreover, it is raised that the adhesion between the transparence conductive layer containing a zinc oxide and the semi- 
conductor layer containing a silicon atom improves as another operation by fonning the layer which consists of oxidation silicon. This 
is controlling diffusion of the zinc in a zinc oxide, and the.crystsd structure of a zinc oxide stabilizes it and it is considered to be 
because for generating of distortion by change of internal stress to be controlled. Consequently, it is thought that it is because the stress 
of the grid of the both sides of a semi-conductor layer and the transparence conductive layer containing a zinc oxide is reduced. 
[0023] Furthermore, it becomes possible to form the large p type semiconductor layer or n-type-semiconductor layer of an energy 
band from the p type semiconductor layer or n-type-semiconductor layer which consists of silicon by introducing a dopant atom into 
the layer which consists of oxidation silicon, or making said p type semiconductor layer nearest to the transparence conductive layer 
containing said zinc oxide, or said n-type-semiconductor layer into what used oxidation silicon as the principal component. When this 
configuration functions as BSF (back suiface field) structure, hard flo>v diffusion of a carrier is controlled and it is effective in raising 
the property of a photovoltaic cell. 
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[0024] Moreover, when the oxygen density in said oxidation silicon is increasing toward the transparence conductive layer containing • 
said zinc oxide, especially the above-mentioned effectiveness is effective when it includes strokes of reducing atmosphere, such as 
heat-treatment like the formation fault after the transparence conductive layer containing a zinc oxide, annealing treatment, and 
hydrogen processing. 

[0025] Recently, efficient and the attempt which forms the semi-conductor layer of the thin film with which a property contains a 
crystal component aiming at development of a photovoltaic cell [ that it is stable and low cost ] over a long period of time are 
performed briskly. When forming the semi-conductor layer containing a crystal coihponent by the plasma-CVD method, relatively, the 
amount of hydrogen dilution is large and it is carried out under the big conditions of the RF power to supply. 
[0026] Furthermore, in order to make seed crystal form as a substrate layer, the stroke under the stronger environment of reduction 
operations, such as excimer laser annealing treatment by the heat-treatment at a halogen lamp heater, ArF laser (oscillation wavelength 
of 1 93nm), KrF laser (oscillation wavelength of 248nm), XeCl laser (oscillation wavelength of 308nm), XeF laser (oscillation 
wavelength of 3Slnm), etc. and hydrogen plasma treatment, is included in many cases. Since these processings are performed under 
^e environment where the desoiption of the oxygen from a zinc-oxide surface field is easier to be promoted, they are effective. [ of 
especially the thing that the oxygen density in said oxidation silicon is increasing toward the transparence conductive layer containing 
said zinc oxide ] 

[0027] After forming the approach of forming directly, using a spatter and a CVD method as the formation approach of the layer 
containing oxidation silicon, and the layer which consists of Si beforehand, the method of making oxygen introduce into a part of layer 

[ at least ] which uses the oxidizing [ thermally ] method, the oxygen plasma method, etc., and consists of Si is desirable. 
[0028] After depositing with the approach and non dope which mix the material gas at the time of deposition, or the gas which 
contained the doping element in the controlled atmosphere as an approach of including a dopant atom in the semi-conductor layer 
containing oxidation silicon, the approach of introducing a doping atom with a CVD method and ion-implantation etc. is desirable. 
[0029] Moreover, as an approach of changing the oxygen density in oxidation silicon, change of injection power, change of the oxygen 
flow rate in material gas, change of the oxygen tension in a controlled atmosphere, etc. are desirable. 

[0030] Next, the component of the photovoltaic cell of this invention is explained. Drawing 1 is the typical sectional view showing an 
example of tiie photovoltaic cell of this invention. For 101 in drawing, as for a semi-conductor layer and 103, a substrate and 102 are 
[ the second transparence conductive layer and 104 ] current collection electrodes. Moreover, as for a base and 101-2, 101-1 is [ a 
metal layer and 101-3 ] the first transparence conductive layer. These are the configuration members of a substrate 101. 
[0031] (Base) As a base 101-1, the plate-like part material and sheet-like member which consist of a metal, resin, glass, ceramics, 
semi-conductor bulk, etc. are used suitably. In the front face, you may have detailed unevenness. It is good also as a configuration in 
which light carries out incidence from a base side using a transparence base. Moreover, continuation membrane formation using a roll- 
to-roll process can be performed by making a base into a long configuration. Especially the ingredient that has the flexibility of 
stainless steel, polyimide, etc. is suitable as an ingredient of a base 101-1. 

[0032] (Metal layer) The metal layer 101-2 has a role of an electrode, and a role of a reflecting layer which reflects the light which 
reached even the base 101-1, and is made to reuse in the semi-conductor layer 1 02. As the ingredient, aluminum, Cu, Ag, Au, CuMg, 
AlSi, etc. can be used suitably. As the formation approach, approaches, such as vacuum evaporationo, a spatter, electrocrystallization, 
' and printings are suitable. As for the metal layer 101-2, it is desirable to have unevenness on the front face. The optical path length 
within the semi-conductor layer 102 of the reflected light can be lengthened by that cause, and a short-circuit current can be increased. 
When a base 101-1 has ******^n is not necessary to form tiie metal layer 101-2. 

[0033] (First transparence conductive layer) The first transparence conductive layer 101-3 increases the scattered reflection of incident 
light and the reflected light, and has the role which lengthens the optical path length within the semi-conductor layer 102. Moreover, it 
has the role with which the element of the metal layer 101-2 prevents that a lifting and a photovoltaic cell carry out the shunt of 
diffusion or the migration to the semi-conductor layer 102. Furthermore, it has the role which prevents the short-circuit by the defect 
of the pinhole of a semi-conductor layer etc. by having moderate resistance. 

[0034] Furthermore, as for the first transparence conductive layer 101-3, it is desirable to have unevenness on the front face like the 
metal layer 101-2. As for the first transparence conductive layer 101-3, consisting of conductive oxides, such as ZnO and ITO, is 
desirable, and it is desirable to be formed using approaches, such as vacuum evaporationo, a spatter, CVD, and electrocrystallization. 
The matter from which conductivity is changed to these conductive oxides may be added. 

[0035] Moreover, it is desirable to be formed using approaches, such a spatter and electrocrystallization, as the formation approach 
of a zinc-oxide layer. 

[0036] The class of an approach or gas, a flov/ rate, internal pressure, injection power, a membrane formation rate, substrate 
temperature, etc. are large, and the conditions which form the zinc-oxide film by the spatter do effect. For example, in forming the 
zinc-oxide film by the DC magnetron sputtering method using a zinc-oxide target, as a class of gas, Ar, Ne, Kr, Xe, Hg, 02, etc. are 
raised, a flow rate changes with the magnitude and exhaust velocity of equipment, but when the volume of membrane formation space 
is 201., for example, Isccm to lOOsccm(s) are desirable. Moreover, the internal pressure at the time of membrane formation has 1x10- 
4Torr to desirable 0.1Torr(s). Although injection power is based also on the magnitude of a target, in the case of 15cm diameter, its 
lOW to lOOkW is desirable. Moreover, although the suitable range changes with membrane formation rates, when forming membranes 
by 1 micrometer/h, it is ddsirable [ substrate temperature ] that it is 70 degrees C to 450 degrees C. 

[0037] Moreover, as for the conditions which form the zinc-oxide film by the electrocrystallization method, it is desirable to use the 
water solution containing nitrate ion and zinc ion into a corrosion resistance container. It is desirable that it is in the range of 0^001 
mol/1 to 1 .0 mol/1, as for the concentration of nitrate ion and zinc ion, it is more desirable that it is in the 0.5 mol/1 range from 0.0 1 
mol/1, and it is still more desirable that it is in the range of 0. 1 mol/1 to 0.25 mol/1. 

[0038] It may not limit especially as a source of supply of nitrate ion and zinc ion, the zinc nitrate which is the source of supply of 
both ion is sufficient, and you may be the mixture of water-soluble nitrates, such as an ammonium nitrate which is the source of supply 
of nitrate ion, and zinc salt, such as a zinc sulfate which is the source of supply of zinc ion. Furthermore, it is also desirable to add a 
carbohydrate to them, in order to control abnormality growth in these water solutions or to raise adhesion in them. 
[0039] Although especially the class of carbohydrate is not limited, polysaccharide, such as disaccharides, such as monosaccharides, 
such as a glucose (grape sugar) and a fructose (fruit sugar), a maltose (maltose), and saccharose (cane sugar), a dextrin, and starch, etc. 
and the thing which mixed these can be used. 

[0040] Although the amount of the carbohydrate in a water solution is based also on the class of carbohydrate, it is desirable that it is 
in the range of 0.001 g/1 to 300 g/1, it is more desirable that it is in the range of 0.005 g/1 to 100 g/1, and it is still more desirable in 

general that it is in the range of 0.01 g/1 to 60 g/1. 

[0041] When depositing the zinc-oxide film by the electrocrystallization method, it is desirable to use as cathode the base which 
deposits the zinc-oxide film into the aforementioned water solution, and to make zinc, platinum, carbon, etc. into an anode plate. As 
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for the current density which flows through load resistance at this time, it is desirable that they are 1 0 A/dm from 1 0 mA/dm. 
[0042] (Substrate) By the above approach, on a base 101-1, if needed, the laminating of the metal layer 101-2 and the first 
transparence conductive layer 101-3 is carried out, and a substrate 101 is formed. Moreover, in order to make integration of a 
component easy, an insulating layer may be prepared in a substrate 101. 

[0043] (Semi-conductor layer) as the main ingredient of the silicon system semi-conductor of this invention, and the semi-conductor 
layer 102 — an amorphous phase or a crystal phase — Si of these mixed phase systems is used further. It may replace with Si and an 
alloy with Si, C, or germanium may be used. 

[0044] In the semi-conductor layer 102, hydrogen and/or a halogen atom contain at coincidence. The desirable content is 0.1 to 40 
atom %. For considering as an III group element and a n-type-semiconductor layer, V group element is contained to use a semi- 
conductor layer as a p type semiconductor layer. 

[0045] As p type layer and an n type ♦♦** electrical property, a thing 0.2eV or less has desirable activation energy, and a thing O.leV 
or less is the optimal. 

[0046] Moreover, as specific resistance, below 100-ohmcm is desirable, and below 1-ohmcm is the optimal. In the case of a stack eel 
(photovoltaic cell which has two or more pin junction), the i-type semiconductor layer of the pin junction near an optical incidence 
side has a large band gap, and it is desirable that a **** band gap becomes narrow to become far pin junction. 

[0047] Moreover, inside i layers, it is more desirable than the core of the direction of thickness that the minimal value of a band gap is 
in p layer approach, a crystalline semi-conductor with few dope layers to light absorption by the side of point incidence (p type layer 
or n type layer) - or the large semi-conductor of a band gdp is suitable. As an example of the stack eel which carried out the 2-set 
laminating of the pin junction, what serves as (an amorphous semiconductor layer, a semi-conductor layer containing a crystal phase), 
and (the semi-conductor layer containing a crystal phase and the semi-conductor layer containing a crystal phase) from a point 
incidence side is raised as a combination of i mold silicon system semi-conductor layer. 

[0048] As an example of the photovoltaic cell which carried out the 3-set laminating of the pin junction, moreover, as a combination 
of i mold silicon system semi-conductor layer What serves as (an amorphous semiconductor layer, an amorphous, semiconductor layer, 
a semi-conductor layer containing a crystal phase), (amorphous one, the semi-conductor layer containing a crystal phase and the semi- 
conductor layer containing a crystal phase), and (the semi-conductor layer containing a crystal phase, the semi-conductor layer 
containing a crystal phase and the semi-conductor layer containing a crystal phase) from an optical incidence side is raised. 
[0049] It is desirable that the ABAKKU energy according [ whenever / 10x10 to 5 or more S/cm and dark conduction / (sigmad) ] to 
10x10 to 6 or less S/cm and a constant photograph current method (CPM) in the photoconductivity (sigmap) of the formation of a false 
sunlight exposure according [ the absorption coefficient (alpha) of light (630nm) ] to 1 or more [ 5000cm - ] and a solar simulator 
(AMI .5, 100 mW/cm2) is 55 or less meVs as an i-type semiconductor layer. As an i-type semiconductor layer, what is only p molds 
and n mold can be used, 

[0050] When explanation is further added about the semi-conductor layer 102 which is the component of this invention, drawing 2 is 
the typical sectional view showing the semi-conductor layer 102 with the pin junction of a lot as an example of the semi-conductor 
layer of this invention. 

[0051] 102in drawing- 1 A is a layer containing oxidation silicon, and 102-1 is a n-type-semiconductor layer containing a crystal phase, 
and carries out the laminating of the i-type semiconductor layer 102-2 containing a crystal phase, flie p type semiconductor layer 102-3 
containing a crystal phase, and the layer 1 02containing oxidation silicon-3A further. 

[0052] Here, the layer containing the oxidation silicon of 102-1 A and 102-3A is prepared when an adjoining transparence conductive 
layer contains a zinc oxide. - 

[0053] Moreover, the layer containing the oxidation silicon of 102-1 A and 1 02-3 A may contain a dopant atom which becomes the 
respectively same conductivity type as 102-1 and 102-3. Furthermore, it considers as the configuration containing n-type- 
semicohductor layer 102- IB which contains the crystal phase which uses oxidation silicon as a principal component as shown in 
drawing 3 , the i-type semiconductor layer 102-2 containing a crystal phase, and the crystal phase which uses oxidation silicon as a 
principal component of p type semiconductor layer 102-3B, and the whole layer which shows a conductivity type is not cared about as 
a layer which uses oxidation silicon as a principal component. . 

[0054] Moreover, the combination of the above-mentioned pattern is sufficient. In a semi-conductor layer with two or more pin 
junction, it is desirable that it is a configuration with the layer by which the above-mentioned oxidation silicon is contained in the layer 
which adjoins the transparence conductive layer containing a zinc oxide. Moreover, a p type semiconductor layer or a n-type- 
semiconductor layer is also available for the conductivity type by the side of point incidence. 

[0055] (The formation approach of a semi-conductor layer) In order to form the semi-conductor layer 102 of this invention, the RF 
plasma-CVD method is suitable. Hereafter, the suitable example of the procedure which forms the semi-conductor layer 102 by the RF 
plasma-CVD method is shown. 

(1) Decompress the inside of the deposition room (vacuum chamber) which changes into a reduced pressure condition to a 
predetermined deposition pressure. 

(2) Set the deposition interior of a room as a predetermined deposition pressure, introducing ingredient gas, such as material gas and 
dilution gas, into the deposition interior of a room, and exhausting the deposition interior of a room with a vacuum pump. 

(3) Set a substrate 101 as predetermined temperature at a heater. 

(4) Introduce into said deposition room the RF oscillated by the RF generator. The introductory approach to said deposition room 
draws a RF with a waveguide, through dielectric windows, such as alumina ceramics, it introduces into the deposition interior of a 
room, or it draws a RF with a coaxial cable, and has the approach which has introduced into the deposition interior of a room enough, 
and is carried out through a metal electrode. 

(5) Make the plasma occur in the deposition interior of a room, decompose material gas, and form the deposition film on the substrate 
101 arranged in the deposition interior of a room. The semi-conductor layer 102 is repeatedly formed for this procedure if needed two 
or more times. 

[0056] As a silicon system semi-conductor and formation conditions for the above-mentioned semi-conductor layer 102, 100-450 
degrees C and a pressure are raised for the substrate temperature of the deposition interior of a room as conditions vWth 0.001 - 2 
W/cm3 suitable for 0.5mTorr(s) - lOOTorr and RF power. As a silicon system semi-conductor and material gas suitable for formation 
of the above-mentioned semi-conductor layer 102, the compound containing the silicon atom of SiH4, Si2H6, and SiF4 grade which 
can be gasified is raised. When making it an alloy system, it is desirable to add the compound which carried out the joint right of 
germanium or C like GeH4 or CH4 further and which can be gasified to material gas. As for material gas, it is desirable to dilute with 
dilution gas and to introduce into the deposition interior of a room. H2, helium, etc. are raised as dilution gas. The compound which 
furthermore contained nitrogen, oxygen, etc, and which can be gasified may be added as material gas thru/or dilution gas. As dopant 
gas for using a semi-conductor layer as p type layer, B-2 H6 and BF3 grade are used. Moreover, PH3, PF3, etc. are used as dopant gas 
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for using a semi-conductor layer as n type layer. It is desirable for there to be little thin film of a crystal phase and light absorption, 
such as SiC, or to increase the rate of dilution gas to material gas, in depositing the large layer of a band gap, and to introduce the RF 
of comparatively high power. 

[0057] In forming the layer containing the oxidation silicon of this invention by the spatter, the class of an approach or gas, a flow rate, 
internal pressure, injection power, a membrane formation rate, substrate temperature, etc. do effect greatly. For example, in forming 
the film which contains oxidation silicon by the RF magnetron sputtering method using an oxidation silicon target, as a class of gas, 
Ar, Ne, Kr, Xe, Hg, 02, etc. are raised, a flow rate changes with the magnitude and exhaust velocity of equipment, but when the 
volume of membrane formation space is 201., for example, Isccm to 100sccm(s) are desirable. 

[0058] Moreover, the internal pressure at the time of membrane formation has lxlO-4Torr to desirable 0.1Torr(s). Although injection 
power is based also on the magnitude of a target, in the case of 15cm diameter, its lOW to lOOkW is desirable. Moreover, although the 
suitable range changes with membrane formation rates, when forming membranes by 1 micrometer/h, it is desirable [ substrate 
temperature ] that it is 70 degrees C to 450 degrees C. 

[0059] Moreover, when forming with a CVD method, mixed gas with SiH4, 02, and an oxygen compound is desirable as material gas. 
In order that SiH4 and 02 may react easily at this time, it introduces in anotiier network. As fonnation conditions, 100-450 degrees C 
and a pressure are raised for the substrate temperature of ihe deposition interior of a room as conditions with 0.001 - 1 W/cm3 suitable 
for 0.5mTorr(s) - 1 OTorr and RF power. 

[0060] (Second transparence conductive layer) The second transparence conductive layer 103-1 can serve as the role of an 
antireflection film by setting up the thickness suitably while being an electrode by the side of point incidence. It is required that the 
second transparence conductive layer 103 has high permeability in the waveleng^ field which can absorb the semi-conductor layer 
1 02, and that resistivity should be low. It is desirable for the permeability in 550nm to be 85% or more more preferably 80% or more. 
[0061] As an ingredient of the second transparence conductive layer 103, ITO, ZnO, and In203 grade can be used suitably. As the 
formation approach, approaches, such as vacuum evaporationo, CVD, a spray, spin-on, and immersion, are suitable. The matter from- 
which conductivity is changed to these ingredients may be added, the ratio [ as opposed to the amount of zinc in a zinc oxide to the 
field which touches a semi-conductor layer if needed when ZnO forms the second transparence conductive layer ] of the amount of 
oxygen — RM may form the interlayer 103-2 who formed more greatly than the ratio RB of the amount of oxygen to the amount of 
zinc in the zinc oxide of parts other than an interlayer if needed. 

[0062] (Current collection electrode) The current collection electrode 104 is formed on a transparent electrode 103, in order to 
improve current collection effectiveness. The approach of forming the metal of an electrode pattern by the spatter, using a mask as the 
formation approach, the approach of printing a conductive paste or soldering paste, the approach of fixing a metal wire with a 
conductive paste, etc. are suitable. 

[0063] In addition, a protective layer may be formed in both sides of a photovoltaic cell if needed. ♦*****^ such as a steel plate, may 

be used together at the rear face (a point incidence side, reflection side) of a photovoltaic cell etc. at coincidence. 

[0064] 

[Example] Although a solar battery is mentioned as an example as a photovoltaic cell and this invention is made concrete in the 
following examples, these examples do not limit the contents of this invention at all. 

[0065] (Example 1) The photovoltaic cell was formed in the following procedures using the deposition film formation equipment 201 
shown in drawing 4 . The pin mold photovoltaic cell shown in drawing 5 was formed. Drawing 5 is the typical sectional view showing 
an example of a photovoltaic cell which has the silicon system semi-conductor of this invention. Among drawing, the same sign is 
given to the same member as drawing 1 , and explanation is omitted. 

[0066] The semi-conductor layer of this photovoltaic cell consists of a n-type-semiconductor layer 102-1 containing layer 102-1 A 
containing oxidation silicon, and a crystal phase, and the i-type semiconductor layer 102-2 containing a crystal phase and the p type 
semiconductor layer 102-3 containing a crystal phase. That is, this photovoltaic cell is the so-called pin mold single eel photovoltaic 
cell. - 

[0067] Drawing 4 is the typical sectional view showing an example of deposition film formation equipment which manufactures the 
silicon system semi-conductor and photovoltaic cell of this invention. 

[0068] The deposition film fonnation equipment 201 shown in drawing 4 is constituted when the substrate send container 202, the 
vacuum housings 21 1-217 for semi-conductor formation, and the substrate roUing-up container 203 join together through the gas gate. 
It pierces through each container and each gas gate to this deposition film fonnation equipment 201 , and the band-like conductive 
substrate 204 is set in it. The band-like conductive substrate 204 begins to be rolled from the bobbin installed in the substrate send 
container 202, and is rolled round by another bobbin with the substrate roUing-up container 203. 

[0069] The vacuum housings 21 1-217 for semi-conductor formation make glow discharge occur, decompose material gas and make a 
semi-conductor layer to have a deposition room, respectively and deposit on the conductive substrate 204 by it by impressing high- 
fi-equency power to the discharge electrodes 241-247 of this discharge interior of a room from RF generators 251-257. Moreover, the 
gas installation tubing 23 1-237 for introducing material gas and dilution gas is connected to each vacuum housings 21 1-217 for serm- 
conductor formation. 

[0070] Between the vacuum housing 212 for semi-conductor formation, and the vacuum housing 213 for semi-conductor formation, 
and between the vacuum housing 215 for semi-conductor formation, and the vacuum housing 216 for semi-conductor formation, the 
crystallization containers 221 and 222 for crystallization means possess. In the crystallization containers 221 and 222, the gas 
installation tubing 227 and 228 and the excimer laser equipments 223 and 224 possess. 

[0071] Although the deposition film formation equipment 201 shown in drawing 4 possesses seven vacuum devices for semi- 
conductor formation, in the following examples, by all the vacuum housings for semi-conductor formation, it does not need to make 
glow discharge occur and can choose the existence of the glow discharge in each container in accordance with the lamination of the 
photovoltaic cell to manufacture. 

[0072] Moreover, the non-illustrated membrane formation field baffle plate for adjusting the touch area of the conductive substrate 
204 in each deposition interior of a room and discharge space is formed in each semi-conductor formation equipment, and the 
Sickness of each semi-conductor film formed with each container can be adjusted now to it by adjusting this. 
[0073] Next, it equipped with the bobbin which wound the conductive substrate 204 around the substrate send container 202, and 
through the gas gate by the side of carrying in of the conductive substrate 204, the vacuum housings 21 1 and 212 for semi-conductor 
formation, the crystallization container 221, the containers 213, 214, and 215 for semi-conductor formation, the crystallization 
container 222, the semi-conductor formation containers 216 and 217, and the gas gate by the side of taking out, tension adjustment 
was performed so that even the substrate rolling-up container 203 might not have through and the flabby band-like conductive 
substrate 204. 

[0074] And evacuation was fully carried out to 5x10 to 6 or less Torrs by the evacuation system which consists of a vacuum pump the 
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substrate send container 202, the vacuum housings 211,212, 213,214,215,216, and 2 1 7 for semi-conductor formation, the 
crystallization containers 221 and 222, and whose substrate rolling-up container 203 are not illustrated. 

[0075] Next, operating an evacuation system, material gas and dilution gas were supplied to the vacuum housings 21 1-214 for semi- 
conductor formation from the gas installation tubing 231-234, and the hydrogen gas of 500sccm(s) was supplied to the crystallization 
container 221. 

[0076] Moreover, H2 gas of 200sccm(s) was supplied to vacuum housings for semi-conductor formation other than the vacuum 
housing 21 1 for semi-conductor formation - 214, and the crystallization container 222 from gas installation tubing, and H2 gas of 
500sccm(s) was supplied to each gas gate as gate gas from each non-illustrated gate gas supply line at coincidence. The exhaust air 
capacity of an evacuation system was adjusted in this condition, and the pressure in the vacuum housing 211-214 for semi-conductor 
formation was adjusted to the desired pressure. Formation conditions are as being shown in Table 1, The gas installation tubing 231 is 
constituted from two independent lines, and it was made for SiH4 and 02 not to mix it within gas installation tubing at this time. 
Moreover, the inside of the crystallization container 221 was held to the pressure of 2Torr(s). 
[Table 1] 
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[0077] In the place by which the pressure in the vacuum housing 21 1-214 for semi-conductor formation was stabilized, migration of 
the conductive substrate 204 was started in the direction of the substrate send container 202 to the substrate rolling-up container 203. 
[0078] Next, a RF is introduced into the discharge electrodes 241-244 in the vacuum housing 21 1-214 for semi-conductor formation 
from RF generators 251-254. Glow discharge is occurred in the deposition interior of a room in the vacuum housing 21 1-214 for semi- 
conductor formation. On the conductive substrate 204, the layer (1.5nm of thickness) which contains oxidation silicon on the 
conductive substrate 204 is formed. After forming and carrying out an amorphous n-type-semiconductor layer (20nm of thickness), 
crystallization processing (pulse energy 150 mJ/cm2) by the XeCl excimer laser is performed. After forming the n-type-semiconductor 
layCT containing a crystal phase, on the n-type-semiconductor layer containing said crystal phase, the i-type semiconductor layer (1.5 
micrometers of thickness) containing a crystal phase and die p type semiconductor layer (lOnm of thickness) containing a crystal 
phase were formed, and the photovoltaic cell was formed (example 1-1). 

[0079] It was here, and the frequency of 13.56MHz, and the power density of 5mW/cm, the high-frequency power of 3 was introduced 
into the vacuum housing 212 for semi-conductor formation, and the high-frequency power of the frequency of lOOMHz and power 
density 20 mW/cm3 was introduced into the vacuum housing 213 for semi-conductor formation for the high-frequency power of 3 the 
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frequency of 13.56MHz, and the power density of 5mW/cm at the vacuum housing 21 1 for semi-conductor formation. 3 was 
introduced into the vacuum housing 214 for semi-conductor formation the frequency of 13.56MHz, and the power density of 
30mW/cm. 

[0080] Next, the formed band-like photovoltaic cell was processed into the 36cmx22cm solar cell module using non-illustrated 
continuation modularization equipment (example 1-2). Next, except having not formed the layer which contains oxidation silicon with 
deposition film formation equipment 21 1, the photovoltaic cell (example 1-1 of a comparison) was formed by the same approach as an 
example l-l, and the solar cell module was formed by the same approach as an example 1-2 (example 1-2 of a comparison). 
[008 1] the adhesion between a conductive substrate and a semi-conductor layer was investigated for the photovoltaic cell of an 
example 1-1 and the example 1-1 of a comparison using the squares tape method (several 100 of clearance spacing of 1mm of an 
incised wound, and a measure eye). Moreover, after having installed the solar cell module of the example 1-2 which measured initial 
photoelectric conversion efElciency beforehand^ and the example 1-2 of a comparison in the dark place of the temperature of 85 
degrees C, and 85% of humidity, lowering to the temperature of -20 degrees C over 70 minutes for 30 minutes maintenance and after 
that and repeating maintenance and this cycle again returned to 85% of temperature [ of 85 degrees C ] m humidity over 70 minutes 
100 times for 30 minutes, photoelectric conversion efficiency was measured again, and change of the photoelectric conversion 
efficiency by temperature-and-humidity trial was investigated. Moreover, the solar cell module of the example 1-2 which measured 
initial photoelectric conversion efficiency beforehand, and the example 1-2 of a comparison was installed in the dark place of the 
temperature of 85 degrees C, and 85% of humidity, photoelectric conversion efficiency was again measured after 500-hour progress, 
making reverse bias impress to coincidence lOV, and change of the photoelectric conversion efficiency by the reverse bias impression 
under heat and high humidity was investigated. These results are shown in Table 2. 
[Table 2] 
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[0082] As shown in Table 2, the photovoltaic cell of the example 1-1 of a comparison and the example 1-2 of a comparison carry out a 
solar cell module comparison, and the example 1 -2 solar cell module containing the photovoltaic cell and photovoltaic cell of an 
example 1-1 of this invention is excellent in adhesion, initial conversion efficiency, and the endurance over a temperature-and- 
humidity trial or a heat-and-high-humidity reverse bias impression trial. It turns out that the solar cell module which contains the 
photovoltaic cell of this invention from the above thing has the outstanding features. 

[0083] (Example 2) The pin mold photovoltaic cell shown in drawing 6 in the following procedures was formed using the deposition 
film formation equipment 201 shown in drawing 4 . example rough *♦*♦ of the photovoltaic cell in which drawing 6 has the silicon 
system thin film of this invention — it is a typical sectional view. Among drawing, the same sign is given to the same member as 
drawing I , and explanation is omitted. The semi-conductor layer of this photovoltaic cell consists of n-type-semiconductor layer 102- 
IB containing the crystal phase which uses oxidation silicon as a principal component, an i-type semiconductor layer 102-2 containing 
a crystal phase, and a p type semiconductor layer 102-3 containing a crystal phase. That is, this photovoltaic cell is the so-called pin 
mold single eel photovoltaic cell. 

[0084] Like the example 1, the band-like conductive substrate 204 was created, deposition film formation equipment 201 was 
equipped, and evacuation was fully carried out to 5x1 0 to 6 or less Torrs by the evacuation system which consists of a vacuum pump 
the substrate send container 202, the vacuum housings 21 1, 212, 213, 214, 215, 216, and 217 for semi-conductor formation, the 
crystallization containers 221 and 222, and whose substrate rolling-up container 203 are not illustrated. 

[0085] Next, material gas and dilution gas were supplied to the vacuum housings 212-214 for semi-conductor formation from the gas 
installation tubing 232-234, operating an evacuation system. 

[0086] Moreover, H2 gas of 200sccm(s) was supplied to vacuum housings for semi-conductor formation other than the vacuum 
housing 212 for semi-conductor formation - 214 from gas installation tubing, and H2 gas of 500sccm(s) was supplied to each gas gate 
as gate gas from each non-illustrated gate gas supply line at coincidence. The exhaust air capacity of an evacuation system was 
adjusted in this condition, and the pressure in the vacuum housing 212-214 for semi-conductor formation was adjusted to the desired 
pressure. Formation conditions are as being shown in Table 3. 
[Table 3] 
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[0087] In the place by which the pressure in the vacuum housing 212-214 for semi-conductor formation was stabilized, migration of 
the conductive substrate 204 was started in the direction of the substrate send container 202 to the substrate rolling-up container 203. 
[0088] Next, a RF is introduced into the RF induction 242-244 in the vacuum housing 212-214 for semi-conductor formation from RF 
generators 252-254. Glow discharge is occurred in the deposition interior of a room in the vacuum housing 212-214 for semi- 
conductor formation. After forming the amorphous n-type-semiconductor layer (30nm of thickness) which uses oxidation silicon as a 
principal component on the conductive substrate 204 on the conductive substrate 204, Crystallization processing (pulse energy 150 
mJ/cm2) by the XeCl excimer laser is perfomied. After forming the n-type-semiconductor layer containing the crystal phase which 
uses oxidation silicon as a principal component On the n-type-semiconductor layer containing the crystal phase which uses said 
oxidation silicon as a principal component, the i-type semiconductor layer (1 .5 micrometers of thickness) containing a crystal phase 
and flie p type semiconductor layer (lOnm of thickness) containing a crystal phase were formed, and the photovoltaic cell was formed 
(example 2-1). 

[0089] It was here, and ***»*♦♦* of the frequency of 2.45GHz and power density 50 mW/cm3 was introduced into the vacuum 
housing 213 for semi-conductor formation, and the high-frequency power of the frequency of 13.56MHz and power density 30 
mW/cm3 was introduced into the vacuum housing 214 for semi-conductor formation for the high-frequency power of the frequency of 
13.56MHz, and power density 5 mW/cm3 at the vacuum housing 212 for semi-conductor formation. 

[0090] Next, the formed band-like photovoltaic cell was processed into the 36cmx22cm solar cell module using non-illustrated 
continuation modularization equipment (example 2-2). 

[0091] Next, except having introduced hydrogen into deposition film formation equipment 212 instead of oxygen, the photovoltaic cell 
(example 2-1 of a comparison) was formed by the same approach as an example 2-1 , and tiie solar cell module was formed by the 
same approach as an example 2-2 (example 2-2 of a comparison). 

[0092] the adhesion between a conductive substrate and a semi-conductor layer was investigated for the photovoltaic cell of an 
example 2-1 and the example 2-1 of a comparison using the squares tape method (several 100 of clearance spacing of 1mm of an 
incised wound, and a measure eye). Moreover, after having installed the solar cell module of the example 2^2 which measured initial 
photoelectric conversion efficiency beforehand, and the example 2-2 of a comparison in the dark place of the temperature of 85 
degrees C, and 85% of humidity, lowering to the temperature of -20 degrees C over 70 minutes for 30 minutes maintenance and after 
that and repeating maintenance and this cycle again returned to 85% of temperature [ of 85 degrees C ] m humidity over 70 minutes 
100 times for 30 minutes, photoelectric conversion efficiency was measured again, and change of the photoelectric conversion 
efficiency by temperature-and-humidity trial was investigated. Moreover, the solar cell module of the example 2-2 which measured 
initial photoelectric conversion efficiency beforehand, and the example 2-2 of a comparison was installed in the dark place of the 
temperature of 85 degrees C, and 85% of humidity, photoelectric conversion efficiency was again measured after 500-hour progress, 
making reverse bias impress to coincidence lOV, and change of the photoelectric conversion efficiency by the reverse bias impression 
under heat and high humidity was investigated. These results are shown in Table 4. 
[Table 4] 
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[0093] As shown in Table 4, the photovoltaic cell of the example 2-1 of a comparison and the example 2-2 of a comparison carry out a 
solar cell module comparison, and the example 2-2 solar cell module containing the photovoltaic cell and photovoltaic cell of an 
example 2-1 of this invention is excellent in adhesion, initial conversion efficiency, and the endurance over a temperature-and- 
humidity trial or a heat-and-high-humidity reverse bias impression trial. It turns out that the solar cell module which contains the 
photovoltaic cell of this invention from the above thing has the outstanding features. 

[0094] (Example 3) The photovoltaic cell shown in drawing 7 in the following procedures was formed using the deposition film 
formation equipment 201 shown in drawing 4 . example rough *♦*♦ of the photovoltaic cell in which drawing 7 has the silicon system 
semi-conductor of this invention — it is a typical sectional view. 

[0095]' Among drawing, the same sign is given to the same member as drawing 1 , and explanation is omitted. The semi-conductor 
layer of this photovoltaic cell consists of the n-type-semiconductor layer 102-1 containing layer 102-1 A containing oxidation silicon, 
and a crystal phase, the i-type semiconductor layer 102-2 containing a crystal phase, the p type semiconductor layer 102-3 containing a 
crystal phase and the n-type-semiconductor layer 102-1 containing a crystal phase, and the i-type semiconductor layer 102-5 
containing a crystal phase and the p type semiconductor layer 102-6 containing a crystal phase. That is, this photovoltaic cell is the so- 
called pinpin mold double eel photovoltaic cell. 

[0096] Like the example 1, deposition fihn formation equipment 201 was equipped with the band-like conductive substrate 204, and 
evacuation was fully carried out to 5x10 to 6 or less Torrs by the evacuation system which consists of a vacuum pump the substrate 
send container 202, the vacuum housings 21 1, 212, 213, 214, 215, 216, and 217 for semi-conductor formation, the crystallization 
containers 221 and 222, and whose substrate rolling-up container 203 are not illustrated. 

[0097] Next, operating an evacuation system, material gas and dilution gas were supplied to the vacuum housings 21 1-217 for semi- 
conductor formation from the gas installation tubing 231-237, and tiie hydrogen gas of 500sccm(s) was supplied to the crystallization 
containers 221 and 222. 

[0098] Moreover, H2 gas of 500sccm(s) was supplied to each gas gate as gate gas from each non-illustrated gate gas supply line. The 
exhaust air capacity of an evacuation system was adjusted in this condition, and the pressure in the vacuum housing 21 1-217 for semi- 
conductor formation was adjusted to the desired pressure. Formation conditions were performed as shown in Table 5. Moreover, the 
inside of the crystallization container 22 1 and 222 was held to the pressure of 2Torr(s). 
[Table 5] 
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[0099] In the place by which the pressure in the vacuum housing 21 1-217 for semi-conductor formation was stabilized, migration of 
the conductive substrate 204 was started in the direction of the substrate send container 202 to the substrate rolling-up container 203. 
[01 00] Next, a RF is introduced into the discharge electrodes 241-247 in the vacuum housing 21 1-217 for semi-conductor formation . 
from RF generators 251-257. Glow discharge is occurred in the deposition interior of a room in the vacuum housing 21 1-217 for semi- 
conductor formation. On the conductive substrate 204, the layer (1 .5nm of thickness) which contains oxidation silicon on the 
conductive substrate 204 is formed. After forming and carrying out an amorphous n-type-semiconductor layer {30nm of thickness), 
crystallization processing (pulse energy 150 mJ/cm2) by the XeCl excimer laser is performed. After forming the n-type-semiconductor 
layer containing a crystal phase, on the n-type-semiconductor layer containing said crystal phase Form the i-type semiconductor layer 
(2.0 micrometers of thickness) containing a crystal phase, and the p type semiconductor layer (lOnm of thickness) containing a crystal 
phase, and a bottom eel is created. After forming and carrying out an amorphous n-type-semiconductor layer (30nm of thickness) 
furthermore, Crystallization processing (pulse energy 150 mJ/cm2) by the XeCl excimer laser is performed. After forming the n-type- 
semiconductor layer containing a crystal phase, the i-type semiconductor layer (1.2 micrometers of thickness) containing a crystal 
phase and the p type semiconductor layer (lOnm of thickness) containing a crystal phase were formed on the n-type-semiconductor 
layer contziining said crystal phase, the top eel was created and the photovoltaic cell of a double eel was formed. 
[0101] To the vacuum housing 21 1 for semi-conductor formation here The frequency of 13.56MHz, To the vacuum housing 212 for 
semi-conductor formation, the high-frequency power of power density 5 mW/cm3 The frequency of 1 3.56MHz, To the vacuum 
housing 213 for semi-conductor formation, the high-frequency power of 3 the power density of 5mW/cm The frequency of 2.45GHz, 
To the vacuum housing 214 for semi-conductor fomiation, the high-frequency power of power density 50 mW/cm3 The frequency of 
13.56MHz, To the vacuum housing 215 for semi-conductor formation, tfie high-frequency power of power density 30 mW/ranS The 
frequency of 1 3.56MH2, The high-frequency power of 3 was introduced into the vacuum housing 216 for semi-conductor formation, 
and the high-frequency power of 3 was introduced into the vacuum housing 217 for semi-conductor formation for the high-frequency 
power of power density 5 mW/cm3 the frequency of 13.56MHz, and the power density of 30mW/cm the frequency of 2.45GHz, and 
the power density of 50mW/cm. 

[0 1 02] Next, the formed band-like photovoltaic cell was processed into the 36cmx22cm solar cell module using non-illustrated 
continuation modularization equipment (example 3). 

[01 03] The solar cell module of an example 3 showed one 1.3 times the photoelectric conversion efficiency of this compared with the 
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solar cell module of an example 1-2, and the solar cell module of an example 3 was excellent in adhesion, initial conversion efficiency, 
and the endurance over a temperature-and-humidity trial or a heat-and-high-humidity reverse bias impression trial. It turns out that the 
solar cell module which contains the photovoltaic cell of this invention from the above thing has the outstanding features. 
[0104] (Example 4) The photovoltaic cell shown in drawing 9 in the following procedures was formed using the deposition film 
formation equipment 201 shown in drawing 8 . example rough ***♦ of the photovoltaic cell in which drawing 9 has the silicon system 
semi-conductor of this invention — it is a typical sectional view. Among drawing, the same sign is given to the same member as 
drawing 1 , and explanation is omitted. The semi-conductor layer of this photovoltaic cell consists of the i-type semiconductor layer 
102-2 containing n-type-semiconductor layer 102- IB containing the crystal phase used as an oxidation silicon principal component, 
and a crystal phase, the p type semiconductor layer 102-3 containing a crystal phase and the n-type-semiconductor layer 102-1 
containing a crystal phase, and the i-type semiconductor layer 102-5 containing a crystal phase and the p type semiconductor layer 
1 02-6 containing a crystal phase. That is, this point electromotive force component is the so-called pinpin mold double eel 
photovoltaic cell. 

[0105] Like Ae example 1, deposition film formation equipment 201 was equipped with the band-like conductive substrate 204, and 
evacuation was fully carried out to 5x10 to 6 or less Torrs by the evacuation system which consists of a vacuum pump the substrate 
send container 202, the vacuum housings 211, 212, 213, 214, 215, 216, and 217 for semi-conductor formation, the crystallization 
containers 221 and 222, and whose substrate rolling-up container 203 are not illustrated. 

[0106] Next, operating an evacuation system, material gas and dilution gas were supplied to the vacuum housings 21 1-217 for semi-, 
conductor formation from the gas installation tubing 231-237, and the hydrogen gas of 500sccm(s) was supplied to the crystal}i2ation 
containers 221 and 222. 

[0107] Moreover, H2 gas of 500sccm(s) was supplied to each gas gate as gate gas from each non-illustrated gate gas supply line. The 
exhaust air capacity of an evacuation system was adjusted in this condition, and the pressure in the vacuum housing 21 1-217 for semi- 
conductor formation was adjusted to the desired pressure. Formation conditions were performed as shown in Table 6. Moreover, the 
inside of the crystallization container 221 and 222 was held to the pressure of 2Torr(s). 
[Table 6] 
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[0108] In the place by which the pressure in the vacuum housing 21 1-217 for semi-conductor formation was stabilized, migration of 
the conductive substrate 204 was started in die direction of the substrate send container 202 to the substrate rolling-up container 203. 
[0109] Next, a RF is introduced into the discharge electrodes 241-247 in the vacuum housing 21 1-217 for semi-conductor formation 
from RF generators 251-257. Glow discharge is occurred in the deposition interior of a room in the vacuum housing 211-217 for semi- 
conductor formation. The amorphous n-type-semiconductor layer which uses oxidation silicon as a principal component on the 
conductive substrate 204 on the conductive substrate 204 (15nm of thickness). After forming the amorphous n-type-semiconductor 
layer (ISnm of thickness) which uses as a principal component the oxidation silicon which reduced the amount of oxygen. After 
forming the n-type-semiconductor layer containing the crystal phase which heat-treats at the infrared lamp heater 229, and uses 
oxidation silicon as a principal component Form the i-type semiconductor layer (2.0 micrometers of thiclaiess) containing a crystal 
phase, and the p type semiconductor layer (lOnm of thickness) containing a crystal phase, and a bottom eel is created. After forming 
and carrying out an amoiphous n-type-semiconductor layer (30nm of thickness) ftirthermore. After forming the n-type-semiconductor 
layer which heat-treats at the infrared lamp heater 230, and contains a crystal phase The i-type semiconductor layer (1 .2 micrometers 
of thickness) containing a crystal phase and the p type semiconductor layer (lOnm of thickness) containing a crystal phase were 
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formed on the n-type-semiconductor layer containing said crystal phase, the top eel was created and the photovoltaic cell of a double 



[0110] To the vacuum housing 211 for semi-conductor formation here The frequency of i3.56MHz, To the vacuum housing 212 for 
semi-conductor formation, the high-frequency power of power density 5 mW/cm3 The frequency of 13.56MHz, To the vacuum 
housing 213 for semi-conductor formation, the high-frequency power of 3 the power density of 5mW/cm The frequency of 2.45GHz, 
To the vacuum housing 214 for semi-conductor formation, the high-frequency power of power density 50 mW/cm3 The frequency of 
13.56MHz, To the vacuum housing 215 for semi-conductor formation, the high-frequency power of power density 30 mW/cm3 The 
fr^uency of 13.56MHz, The high-frequency power of 3 was introduced into the vacuum housing 216 for semi-conductor formation, 
and the high-frequency power of 3 was introduced into the vacuum housing 217 for semi-conductor formation for the high-frequency 
power of power density 5 mW/cm3 the frequency of 13.56MHz, and the power density of 30mW/cm the frequency of 2.45GHz, and 
the power density of 50mW/cm. 

[0111] Next, the formed band-like photovoltaic cell was processed into the 36cmx22cm solar cell module using non-illustrated 
continuation modularization equipment (example 4). 

[0112] The solar cell module of operation 4 showed one 1.4 times the photoelectric conversion efficiency of this conq>ared with the 
solar cell module of an example 1-2, and the solar cell module of an example 4 was excellent in adhesion, initial conversion e£Qciency, 
and the endurance over a temperature-and-humidity trial or a heat-and-high-humidity reverse bias impression trial. It tums out that the 
solar cell module which contains the photovoltaic cell of this invention from the above thing has the outstanding description. 



[Effect of the Invention] As mentioned above, according to this invention, it puts under the use over the bottom of humid, or a long 
period of time etc. under an elevated temperature. In the process after forming the transparence conductive layer containing a zinc 
oxide Or heat-treatment, Even when it includes the stroke of reducing atmosphere like annealing treatment and hydrogen processing It 
becomes possible to control the diffusion to the semi-conductor layer containing the silicon atom of a zinc atom, to control decline in 
the permeability of the transparence conductive layer containing a zinc oxide, and to control the fall of the adhesion force between the 
transparence conductive layer containing a base and a zinc oxide, and a semi-conductor layer. 



[Translation done.] 



eel was formed. 



[0113] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] The typical sectional view showing 
Prawing 2] The typical sectional view showing 
[Drawing 3] The typical sectional view showing 
[Drawing 4] The typical sectional view showing 
photovoltaic cell concerning an example 
[Drawing 5] The typical sectional view showing 
Prawing 6] The typical sectional view showing 
prawing 7] The typical sectional view showing 
prawing 8] The typical sectional view showing 
photovoltaic cell concerning an example 
Prawing 91 The typical sectional view showing 
pescription of Notations] 
101: Substrate 
101-1: Base 
101-2: Metal layer 

101- 3: The first transparence conductive layer 
102: Semi-conductor layer 

102- 1 : The n-type-semiconductor layer containing a crystal phase 
1 02- 1 A: The layer containing oxidation silicon 

102-lB: The n-type-semiconductor layer containing the crystal phase used as an oxidation silicon principal component 
102-2: The i-type semiconductor layer containing a crystal phase 
102-3: The p type semiconductor layer containing a crystal phase 
102-3 A: The layer containing oxidation silicon 

1 02-3 B: The p type semiconductor layer containing the crystal phase used as an oxidation silicon principal component 

1 02-4: The n-type-semiconductor layer containing a crystal phase 

102-5: The i-type semiconductor layer containing a crystal phase 

1 02-6: The p type semiconductor layer containing a crystal phase 

103: The second transparence conductive layer 

1 04: Current collection electrode 

201: Deposition film formation equipment 

202: Substrate send container 

203: Substrate rolling-up container 

204: A conductive substrate 

211-217: The vacuum housing for semi-conductor formation 

221 222: Crystallization container 

223 224: Excimer laser equipment 

227, 228, 231-237: Gas installation tubing 

229 230: Infrared lamp heater 

24 1 -247: Discharge electrode 

251-257: RF generator 



[Translation done.] 



an example of the photovoltaic cell concerning an example 
an example of the semi-conductor layer concerning an example 
an example of the semi-conductor layer concerning an example 
an example of deposition film formation equipment which manufactures the 

an example of the photovoltaic cell concerning an example 
an example of the photovoltaic cell concerning an example 
an example of the photovoltaic cell concerning an example 
an example of deposition film formation equipment which manufactures the 

an example of the photovoltaic cell concerning an example 
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